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A PROCESS TO STUDY CHANGES 
IN GENE EXPRESSION IN STEM CELLS 



Technical Field 

This invention relates to compositions and methods useful to identify agents that 
modulate the expression of at least one gene associated with the differentiation, 
proliferation, dedication and/or survival of stem cells. 

5 Background of the Invention 

The identification of genes associated with development and differentiation of 
cells is an important step for advancing our understanding of hematopoiesis, the 
differentiation of hematopoietic stem cells into erythrocytes, monocytes, platelets and 
polymorphonuclear white blood cells or granulocytes. The identification of genes 
10 associated with hematopoiesis is also an important step for advancing the development of 
therapeutic agents which modulate, promote or interfere with the differentiation of stem 
cells. 

Hematopoietic stem cells derive from bone marrow stem cells. The bone marrow 
stem cells ultimately differentiate into the hematopoietic stem cells, which are 

1 5 responsible for the lymphoid, myeloid and erythroid lineages, and stromal stem cells, 
which differentiate into fibroblasts, osteoblasts, smooth muscle cells, stromal cells and 
adipocytes (Stewart Sell, Immunology, Immunopathology & Immunity, 5th ed. 39- 
42 Stamford, CT, 1996). The lymphoid lineage, comprising B-cells and T-cells, provides 
for the production of antibodies, regulation of the cellular immune system, detection of 

20 foreign agents in the blood, detection of cells foreign to the host, and the like. The 
myeloid lineage, which includes monocytes, granulocytes, megakaryocytes as well as 
others cells, monitors for the presence of foreign bodies in the blood stream, provides 
protection against neoplastic cells, scavenges foreign materials in the blood stream, 
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produces platelets and the like. The erythroid lineage provides the red blood cells which 
act as oxygen carriers. 

Hematopoietic stem cells differentiate as a result from their interaction with 
growth factors such as interleukins (ILs), lymphokines, colony-stimulating factors 
5 (CSFs), erythropoietin (epo), and stem cell factor (SCF). Each of these growth factors 
have multiple actions that are not necessarily limited to the hematopoietic system 

(Robert A. Meyers, ed., Molecular Biology and Biotechnology: A 
Comprehensive Desk Reference, 392-6, New York, 1995). Proliferation, 
differentiation and survival of immature hematopoietic progenitor cells are sustained by 

10 hematopoietic growth factors (hemopoietins). These growth factors also influence the 
survival and function of mature blood cells. The kinetics of hematopoiesis vary 
depending on cell type, and their life span may be as little as 6-12 hours to as much as 
months or years. As a result, the daily renewal of certain lymphocyte progenitors may be 
substantially lower than that of leukocytic progenitors. The most primitive cells, 

1 5 pluripotent stem cells (PSCs), have high self-renewal capacity (Nathan, 8 1 8-821 ; Saito, 
Recent trends in research on differentiation of hematopoietic cells and lymphokines, 
Hum^CelL5(l):54(1992)). 

Growth factors are responsible for differentiating the hematopoietic stem cell into 
either the hemocytoblast, which is the progenitor cell of erythrocytes, neutrophils, 

20 eosinophils, basophils, monocytes and platelets, and lymphoid stem cells, which are 
progenitors to T cells and B cells. Sell, 41. These circulating blood cells are products 
of terminal differentiation of recognizable precursors {e.g., erythroblasts, mono- 
myeloblasts and megakaryoblasts, to name but a few). The terminal differentiation of 
these recognizable precursors may occur exclusively in the marrow cavities of the axial 

25 skeleton, with some extension into the proximal femora and humeri (David G. Nathan, 
Hematologic Diseases, IN CECIL TEXTBOOK OF MEDICINE 20th ed., 817, Philadelphia, 
1996). White blood cell (WBC) nomenclature may be divided into two major 
populations on the basis of the form of their nuclei: single nuclei (mononuclear or "round 
cells") or segmented nuclei (polymorphonuclear). 
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In human medicine, the ability to initiate and regulate hematopoiesis is of great 
importance (McCune et al.JTte SCID-hu mouse: murine model for the analysis of human 
hematolymphoid differentiation and function, Science 241 : 1632(1988)). A variety of 
diseases and immune disorders, including malignancies, appear to be related to 
5 disruptions within the lympho-hematopoietic system. Many of these disorders could be 
alleviated and/or cured by repopulating the hematopoietic system with progenitor cells, 
which when triggered to differentiate would overcome the patienfs deficiency. In 
humans, a current replacement therapy is bone marrow transplantation. This type of 
therapy, however, is both painful (for donor and recipient) because of involvement of 

10 invasive procedures and can offer severe complications to the recipient, particularly when 
the graft is allogeneic and Graft Versus Host Disease (GVHD) results. Therefore, the 
risk of GVHD restricts the use of bone marrow transplantation to patients with otherwise 
fatal diseases. A potentially more exciting alternative therapy for hematopoietic 
disorders is the treatment of patients with reagents that regulate the proliferation and 

15 differentiation of stem cells (Lawman et al. 9 U.S. Patent No. 5,650,299 (1997)). 

There is also a strong interest in the development of procedures to produce large 
numbers of the human hematopoietic stem cell. This will allow for identification of 
growth factors associated with its self regeneration. Additionally, there may be as yet 
undiscovered growth factors associated (1) with the early steps of dedication of the stem 

20 cell to a particular lineage; (2) the prevention of such dedication; and (3) the negative 
control of stem cell proliferation. Availability of large numbers of stem cells would be 
extremely useful in bone marrow transplantation, as well as transplantation of other 
organs in association with the transplantation of bone marrow. 

An in vitro system that permits determination of what agents induce 

25 differentiation or proliferation of progenitor cells within a hematopoietic cell population 
would have many applications. For example, controlled production of red blood cells 
would permit the in vitro production of red blood cell units for clinical replacement 
(transfusion) therapy. As is well known, transfused red cells are used in the treatment of 
anemia following elective surgery, in cases of traumatic blood loss, and in the supportive 

30 care of, e.g., cancer patients. Similarly, controlled production of platelets would permit 
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the in vitro production of platelets for platelet transfusion therapy, which may be used in 
cancer patients with thrombocytopenia caused by chemotherapy. For both red cells and 
platelets, current volunteer donor pools are accompanied by the risk of infectious 
contamination, and availability of an adequate supply can be limited. Determination of 
5 such compounds would lend itself to developing methods of controlled in vitro 
production of specified lineage of mature blood cells to circumvent these problems 
(Palsson et aL 9 U.S. Patent No. 5,635,386 (1997)). 

Alternatively, agents could be isolated that selectively deplete a particular lineage 
of cells from within a hematopoietic cell population and can similarly confer important 

10 advantages. For example, production of stem cells and myeloid cells while selectively 
depleting T-cells from a bone marrow cell population could be very important for the 
management of patients with human immunodeficiency virus (HIV) infection. Since the 
major reservoir of HIV is the pool of mature T-cells, selective eradication of the mature 
T-cells from a hematopoietic cell mass collected from a patient has considerable potential 

15 therapeutic benefit. If one could selectively remove all the mature T-cells from within an 
HIV infected bone marrow cell population while maintaining viable stem cells, the T-cell 
depleted bone marrow sample could then be used to "rescue" the patient following 
hematolymphoid ablation and autologous bone marrow transplantation. Although there 
are reports of the isolation of progenitor cells (see, e.g., Tsukamoto et a/., (1991) as 

20 representative) such techniques are distinct from the selective removal of T-cells from a 
hematopoietic tissue culture (Palsson et al y U.S. Patent No. 5,635,386 (1997)). 

Summary of the Invention 

While the differentiation of stem cells has been the subject of intense study, little 
is known about the global transcriptional response of stem cells during cell 
25 hematopoiesis. The present inventors have devised an approach to systematically assess 
the transcriptional regulation of stem cells during hematopoiesis as well as methods for 
the identification of agents that modulate the expression of at least one gene associated 
with hematopoiesis. 



WO 99/10535 



PCT/US98/17283 



-5- 

The present invention includes a method to identify stem cell genes that are 
differentially expressed in stem cells at various stages of differentiation when compared 
to undifferentiated stem cells by preparing a gene expression profile of a stem cell 
population and comparing the profile to a profile prepared from stem cells at different 
5 stages of differentiation, thereby identifying cDNA species, and therefore genes, which 
are expressed. 

The present invention further includes a method to identify an agent that 
modulates the expression of at least one stem cell gene associated with the differentiation 
process of a stem cell population, comprising the steps of preparing a first gene 

1 0 expression profile of an undifferentiated stem cell population, preparing a second gene 
expression profile of a stem cell population at a defined stage of differentiation, treating 
said undifferentiated stem cell population with the agent, preparing a third gene 
expression profile of the treated stem cell population, and comparing the first, second and 
third gene expression profiles. Comparison of the three gene expression profiles for 

1 5 RNA species as represented by cDNA fragments that are differentially expressed upon 
addition of the agent to the undifferentiated stem cell population identifies agents that 
modulate the expression of at least one gene in undifferentiated stem cells that is 
associated with stem cell differentiation. 

Another aspect of the invention is a composition comprising a grouping of nucleic 

20 acids or nucleic acid fragments affixed to a solid support. The nucleic acids affixed to 
the solid support correspond to one or more genes whose expression levels are modulated 
during stem cell differentiation. 



Prjef Description pf tto Drawings 

« 

Fig. 1 Figure 1 is an autoradiogram of the gene expression profiles generated 
25 from cDNAs made with RNA isolated from Lin + , LRH, LRH48 and LRBRH cells. All 
possible 12 anchoring oligo d(T)nl, n2 were used to generate a complete expression 
profile for the enzyme Clal. 
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Modes of Carrying Out the Inventi n 
General Description 

The differentiation of stem cells during the process of hematopoiesis is a subject 
of primary importance in view of the need to find ways to modulate the stem cell 
5 differentiation process. One means of characterizing the process of hematopoiesis is to 
measure the ability of stem cells to synthesize specific RNA during stem cell 
differentiation. 

The following discussion presents a general description of the invention as well 
definitions for certain terms used herein. 

1 0 Definitions 

The term "stem cells" as used herein, refers to both hematopoietic stem cells and 
bone marrow stem cells, and includes totipotent cells which serve as progenitors of 
neoplastic transformation. The term "hematopoietic stem cells" refers to stem cells 
which differentiate into erythrocytes, monocytes, granulocytes, and platelets. The 
1 5 putative human hematopoietic stem cell may express the cell surface antigen CD34. 

The term "hematopoiesis " as used herein, refers to the process by which stem cells 
differentiate into blood cells, including erythrocytes, monocytes, granulocytes, and 
platelets. 

The term "blood cell", as used herein, refers to all blood cell types derived from the 
20 process of hematopoiesis (see Stewart Sell, Immunology, Immunopa thology & 
Immunity, 5th ed. 39-42, Stamford, CT, 1996) 

The term "solid support", as used herein, refers to any support to which nucleic acids 
can be bound or immobilized, including nitrocellulose, nylon, glass, other solid supports 
which are positively charged and nanochannel glass arrays disclosed by Beattie (WO 
25 95/1175). 

The term "gene expression profile", also referred to as a "differential expression 
profile" or "expression profile" refers to any representation of the expression level of at 
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least one mRNA species in a cell sample or population. For instance, a gene expression 
profile can refer to an autoradiograph of labeled cDNA fragments produced from total 
cellular mRNA separated on the basis of size by known procedures. Such procedures 
include slab gel electrophoresis, capillary gene electrophoresis, high performance liquid 
5 chromatography, and the like. Digitized representations of scanned electrophoresis gels 
are also included as are two and three dimensional representations of the digitized data. 

While a gene expression profile encompasses a representation of the expression level 
of at least one mRNA species, in practice, the typical gene expression profile represents 
the expression level of multiple mRNA species. For instance, a gene expression profile 

10 useful in the methods and compositions disclosed herein represents the expression levels 
of at least about 5, 10, 20, 50, 100 , 150, 200, 300, 500, 1000 or more preferably, 
substantially all of the detectable mRNA species in a cell sample or population. 
Particularly preferred are gene expression profiles or arrays affixed to a solid support that 
contain a sufficient representative number of mRNA species whose expression levels are 

1 5 modulated under the relevant infection, disease, screening, treatment or other 

experimental conditions. In some instances a sufficient representative number of such 
mRNA species will be about 1, 2, 5, 10, 15, 20, 25, 30, 40, 50, 50-75 or 100. 

Gene expression profiles can be produced by any means known in the art, including, 
but not limited to the methods disclosed by: Prashar et al. (1996) Proc. Natl Acad, ScL 

20 USA 93:659-663; Liang et al. (1992) Science 257:967-971; Ivanova et al. (1995) Nucleic 
Acids Res. 23:2954-2958; Guilfoyl et al. (1997) Nucleic Acids Res. 25(9):1854-1858; 
Chee et al. (1996) Science 274:610-614; Velculescu et al. (1995) Science 270:484-487; 
Fischer et al. (1995) Proc. Natl. Acad. Sci. USA 92(12):533 1-5335; and Kato (1995) 
Nucleic Acids Res. 23(18):3685-3690. 

25 As an example, gene expression profiles are made to identify one or more genes 
whose expression levels are modulated during the process of stem cell differentiation. 
The assaying of the modulation of gene expression via the production of a gene 
expression profile generally involves the production of cDNA from polyA + RNA 
(mRNA) isolated from stem cells as described below. 
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Stem cells are harvested or isolated by any technique known in the art. One of the 
most versatile ways to separate hematopoietic cells is by use of flow cytometry, where 
the particles, i.e f . cells, can be detected by fluorescence or light scattering. The source of 
the cells may be any source which is convenient. Thus, various tissues, organs, fluids, or 
5 the like may be the source of the cellular mixtures. Of particular interest are bone 

marrow and peripheral blood, although other lymphoid tissues are also of interest, such as 
spleen, thymus, and lymph node (see Sasaki et ah, U.S. Patent No. 5,466,572 and Fei et 
ah, U.S. Patent No. 5,635,387). 

Cells of interest will usually be detected and separated by virtue of surface membrane 

10 proteins which are characteristic of the cells. For example, CD34 is a marker for 

immature hematopoietic cells. Markers for dedicated cells may include CD 10, CD 19, 
CD20, and slg for B cells, CD 15 for granulocytes, CD 16 and CD33 for myeloid cells, 
CD 14 for monocytes, CD41 for megakaryocytes, CD38 for lineage dedicated cells, CD3, 
CD4, CD7, CD8 and T cell receptor (TCR) for T cells, Thy-1 for progenitor cells, 

15 glycophorin for erythroid progenitors and CD71 for activated T cells. In isolating early 
progenitors, one may divide a CD34 positive enriched fraction into lineage (Lin) 
negative, e.g. CD2 - , CD 14 - , CD15 - , CD16 - , CD10 - , CD19 - , CD33 - and 
glycophorin A - , fractions by negatively selecting for markers expressed on lineage 
committed cells, Thy-1 positive fractions, or into CD38 negative fractions to provide a 

20 composition substantially enriched for early progenitor cells. Other markers of interest 
include V alpha and V beta chains of the T-cell receptor (Sasaki et ah, U. S. Patent No. 
5,466,572 (1995)). 

After isolation of the appropriate stem cells, total cellular mRNA is isolated from the 
cell sample. mRNAs are isolated from cells by any one of a variety of techniques. 

25 Numerous techniques are well known (see e.., Sambrook et al., Molecular Cloning: A 
Laboratory Approach, Cold Spring harbor Press, NY, 1987; Ausbel et., Current 
Protocols in Molecular Biology, Greene Publishing Co. NY, 1995). In general, these 
techniques first lyse the cells and then enrich for or purify RNA. In one such protocol, 
cells are lysed in a Tris-buffered solution containing SDS. The lysate is extracted with 

30 phenol/chloroform, and nucleic acids precipitated. The mRNAs may be purified from 
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crude preparations of nucleic acids or from total RNA by chromatography, such as 
binding and elution from oligo(dT)-cellulose or poly(U)-Sepharose®. However, 
purification of poly(A)-containing RNA is not a requirement. As stated above, other 
protocols and methods for isolation of RNAs may be substituted. 
5 The mRNAs are reverse transcribed using an RNA-directed DNA polymerase, such as 
reverse transcriptase isolated from AMV, MoMuLV or recombinantly produced. Many 
commercial sources of enzyme are available (e.g. Pharmacia, New England Biolabs, 
Stratagene Cloning Systems). Suitable buffers., cofactors, and conditions are well known 
and supplied by manufacturers (see also, Sambrook et ah (1989) Molecular Cloning: a 
10 laboratory manual, 2nd Ed., Cold Spring Harbor Laboratory; and Ausbel et ah, (1987) 
Current Protocols in Molecular Biology, Greene Publishing and Wiley-Interscience, 
N.Y.). 

Various oligonucleotides are used in the production of cDNA. In particular, the 
methods utilize oligonucleotide primers for cDNA synthesis, adapters, and primers for 

1 5 amplification. Oligonucleotides are generally synthesized so single strands by standard 
chemistry techniques, including automated synthesis. Oligonucleotides are subsequently 
de-protected and may be purified by precipitation with ethanol, chromatographed using a 
sized or reversed-phase column, denaturing polyacrylamide gel electrophoresis, high- 
pressure liquid chromatography (HPLC), or other suitable method. In addition, within 

20 certain preferred embodiments, a functional group, such as biotin, is incorporated 
preferably at the 5' or 3 f terminal nucleotide. A biotinylated oligonucleotide may be 
synthesized using pre-coupled nucleotides, or alternatively, biotin may be conjugated to 
the oligonucleotide using standard chemical reactions. Other functional groups, such as 
florescent dyes, radioactive molecules, digoxigenin, and the like, may also be 

25 incorporated. 

Partially-double stranded adaptors are formed from single stranded oligonucleotides 
by annealing complementary single-stranded oligonucleotides that are chemically 
synthesized or by enzymatic synthesis. Following synthesis of each strand, the two 
oligonucleotide strands are mixed together in a buffered salt solution (e.g., 1 M NaCl, 
30 100 mM Tris-HCl pH.8.0, 10 mM EDTA) or in a buffered solution containing Mg +2 (e.g., 
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10 mM MgCl 2 ) and annealed by heating to high temperature and slow cooling to room 
temperature. 

The oligonucleotide primer that primes first strand DNA synthesis may comprise a 5' 
sequence incapable of hybridizing to a polyA tail of the mRNAs, and a 3 ! sequence that 
5 hybridizes to a portion of the polyA tail of the mRNAs and at least one non-polyA 
nucleotide immediately upstream of the polyA tail. The 5 f sequence is preferably a 
sufficient length that can serve as a primer for amplification. The 5 f sequence also 
preferably has an average G+C content and does not contain large palindromic sequence; 
some palindromes, such as a recognition sequence for a restriction enzyme, may be 

10 acceptable. Examples of suitable 5' sequences are CTCTCAAGGATCTACCGCT (SEQ 

ID No. ), CAGGGTAGACGACGCTACGC (SEQ ID No. ), and 

TAATACCGCGCCACATAGCA (SEQ ID No. ) 

The 5 f sequence is joined to a 3' sequence comprising sequence that hybridizes to a 
portion of the polyA tail of mRNAs and at least one non-polyA nucleotide immediately 

1 5 upstream. Although the polyA-hybridizing sequence is typically a homopolymer of dT 
or dU, it need only contain a sufficient number of dT or dU bases to hybridize to polyA 
under the conditions employed. Both oligo-dT and oligo-dU primers have been used and • 
give comparable results. Thus, other bases may be interspersed or concentrated, as long 
as hybridization is not impeded. Typically, 12 to 18 bases or 12 to 30 bases of dT or dU 

20 will be used. However, as one skilled in the art appreciates, the length need only be 
sufficient to obtain hybridization. The non-poly A + nucleotide is A, C, or G, or a 
nucleotide derivative, such as inosinate. If one non-polyA nucleotide is used, then three 
oligonucleotide primers are needed to hybridize to all mRNAs. If two non-polyA 
nucleotides are used, then 12 primers are needed to hybridize to all mRNAs (AA, AC, 

25 AG, AT, CA, CC, CG, CT, GA, GC, GG, GT). If three non-poly A nucleotides are used 
then 48 primers are needed (3 X 4 X 4). Although there is no theoretical upper limit on 
the number of non-polyA nucleotides, practical considerations make the use of one or 
two non-polyA nucleotides preferable. 

For cDNA synthesis, the mRNAs are either subdivided into three (if one non-polyA 

30 nucleotide is used) or 12 (if two non-polyA nucleotides are used) fractions, each 
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containing a single oligonucleotide primer, or the primers may be pooled and contacted 
with a mRNA preparation. Other subdivisions may alternatively be used. Briefly, first 
strand cDNA is initiated from the oligonucleotide primer by reverse transcriptase 
(RTase). As noted above, RASE may be obtained from numerous sources and protocols 
5 are well known. Second strand synthesis may be performed by RASE (Gubler and 
Hoffman, Gene 25: 263, 1983), which also has a DNA-directed DNA polymerase 
activity, with or without a specific primer, by DNA polymerase 1 in conjunction with 
RNaseH and DNA ligase, or other equivalent methods. The double-stranded cDNA is 
generally treated by phenol xhloroform extraction and ethanol precipitation to remove 

1 0 protein and free nucleotides. 

Double-stranded cDNA is subsequently digested with an agent that cleaves in a 
sequence-specific manner. Such cleaving agents include restriction enzymes, chemical 
cleaving agents, triple helix, and any other cleaving agent available. Restriction enzyme 
digestion is preferred; enzymes that are relatively infrequent cutters {e.g., z 5 bp 

1 5 recognition site) are preferred and those that leave overhanging ends are especially 

preferred. A restriction enzyme with a six base pair recognition site cuts approximately 
8% of cDNAs, so that approximately 12 such restriction enzymes should be needed to 
digest every cDNA at least once. By using 30 restriction enzymes, digestion of every 
cDNA is assured. 

20 The adapters for use in the present invention are designed such that the two strands 
are only partially complementary and only one of the nucleic acid strands that the adapter 
is ligated to can be amplified. Thus, the adapter is partially double-stranded (i.e. 9 
comprising two partially hybridized nucleic acid strands), wherein portions of the two 
strands are non-complementary to each other and portions of the two strands are 

25 complementary to each other. Conceptually, the adapter may be "Y-shaped" or "bubble- 
shaped." When the 5 f region is non-paired, the 3 ! end of other strand cannot be extended 
by a polymerase to make a complementary copy. The ligated adapter can also be blocked 
at the y end to eliminate extension during subsequent amplifications. Blocking groups 
include dideoxynucleotides and other available blocking agents. In this type of adapter 

30 ("Y-shaped"), the non-complementary portion of the upper strand of the adapters is 
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preferably a length that can serve as a primer for amplification. As noted above, the non- 
complementary portion of the lower strand need only be one base, however, a longer 
sequence is preferable (e.g., 3 to 20 bases; 3 to 15 bases; 5 to 15 bases, or 14 to 24 bases. 
The complementary portion of the adapter should be long enough to form a duplex under 
5 conditions of ligation. 

For "bubble-shaped" adapters, the non-complementary portion of the upper strands is 
preferably a length that can serve as a primer for amplification. Thus, this portion is 
preferably 1 5 to 30 bases. Alternatively, the adapter can have a structure similar to the 
Y-shaped adapter, but has a 3' end that contains a moiety that a DNA polymerase cannot 
1 0 extend from. 

Amplification primers are also used in the present invention. Two different 
amplification steps are performed in the preferred aspect. In the first, the 3 f end 
(referenced to mRNA) of double stranded cDNA that has been cleaved and Iigated with 
an adapter is amplified. For this amplification, either a single primer or a primer pair is 

1 5 used. The sequence of the single primer comprises at least a portion of the 5 ! sequence of 
the oligonucleotide primer used for first strand cDNA synthesis. The portion need only 
be long enough to serve as an amplification primer. The primer pair consists of a first 
primer whose sequence comprises at least a portion of the 5 ! sequence of the 
oligonucleotide primer as described above; and a second primer whose sequence 

20 comprises at least a portion of the sequence of one strand of the adapter in the non- 
complementary portion. The primer will generally contain all the sequence of the non- 
complementary potion, but may contain less of the sequence, especially when the non- 
complementary portion is very long, or more of the sequence, especially when the non- 
complementary portion is very short. In some embodiments, the primer will contain 

25 sequence of the complementary portion, as long as that sequence does not appreciably 
hybridize to the other strand of the adapter under the amplification conditions employed. 
For example, in one embodiment, the primer sequence comprises four bases of the 
complementary region to yield a 19 base primer, and amplification cycles are performed 
at 56°C (annealing temperature), 72°C (extension temperature), and 94°C (denaturation 

30 temperature). In another embodiment, the primer is 25 bases long and has 10 bases of 
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sequence in the complementary portion. Amplification cycles for this primer are 
performed at 68 °C (annealing and extension temperature) and 94 °C (denaturation 
temperature). By using these longer primers, the specificity of priming is increased. 
The design of the amplification primers will generally follow well-known guidelines, 
5 such as average G-C content, absence of hairpin structures, inability to form primer- 
dimers and the like. At times, however, it will be recognized that deviations from such 
guidelines may be appropriate or desirable. 

In instances where small numbers of cells are available for the initial RNA extraction, 
such as small numbers of stem cells, the preferred method of producing a gene expression 

1 0 profile comprises the following general steps. Total RNA is extracted from as few as 
5000 stem cells. Using an oligo-dT primer, double stranded cDNA is synthesized and 
ligated to an adapter in accordance with the present invention. Using adapter primers, the 
cDNA is PCR amplified using the protocol of Baskaran and Weissman (1996) Genome 
Research 6(7): 633 and/or Liv et al. (1992) Methods of Enzymology. The original cDNA 

15 is therefore amplified several fold so that a large quantity of this cDNA is available for 
use in the display protocol according to the present invention. For the display, an aliquot 
of this cDNA is incubated with an anchored oligo-dT primer. In one method, this 
mixture is first heat denatured and then allowed to remain at 50 °C for 5 minutes to allow 
the anchor nucleotides of the oligo-dT primers to anneal. This provides for the synthesis 

20 of cDNA utilizing Klenow DNA polymerase. The 3 '-end region of the parent cDNA 
(mainly the polyA region) that remains single stranded due to pairing and subsequent 
synthesis of cDNA by the anchored oligo-dT primer at the beginning of the polyA region, 
is removed by the 5 '-3 ' exonuclease activity of the T4 DNA polymerase. Following 
incubation of the cDNA with T4 DNA polymerase for this purpose, dNTPs are added in 

25 the reaction mixture so that the T4 DNA polymerase initiates synthesis of the DNA over 
the anchored oligo-dT primer carrying the heel. The net result of this protocol is that the 
cDNA with the 3' heel is synthesized for display from the double stranded cDNA as the 
starting material, rather than RNA as the starting material as occurs in conventional 3'- 
end cDNA display protocol. The cDNA carrying the 3 '-end heel is then subjected to 

30 restriction enzyme digestion, ligation, and PCR amplification followed by running the 
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PCR amplified 3'-end restriction fragments with the Y-shaped adapter on a display gel. 
An alternate method is presented in Example 1 . 

After amplification, the lengths of the amplified fragments are determined. Any 
procedure that separates nucleic acids on the basis of size and allows detection or 
5 identification of the nucleic acids is acceptable. Such procedures include slab gel 
electrophoresis, capillary gel electrophoresis, 2-dimensional electrophoresis, high 
performance liquid chromatography, and the like. 

Electrophoresis is technique based on the mobility of DNA in an electric field. 
Negatively charged DNA migrates towards a positive electrode at a rate dependent on 

1 0 their total charge, size, and shape. Most often, DNA is electrophoresed in agarose or 
polyacrylamide gels. For maximal resolution, polyacrylamide is preferred and for 
maximal linearity, a denaturant, such as urea is present. A typical gel setup uses a 19:1 
mixture of acrylamide:bisacrylamide and a Tris-borate buffer. DNA samples are 
denatured and applied to the gel, which is usually sandwiched between glass plates. A 

1 5 typical procedure can be found in Sambrook et al. {Molecular Cloning: A Laboratory 
Approach, Cold Spring Harbor Press, NY, 1989) or Ausbel et al {Current Protocols in 
Molecular Biology, Greene Publishing Co., NY, 1995). Variations may be substituted as 
long as sufficient resolution is obtained. 

Capillary electrophoresis (CE) in its various manifestations (free solution, 

20 isotachophoresis, isoelectric focusing, polyacrylamide get. micellar electrokinetic 
"chromatography**) allows high resolution separation of very small sample volumes. 
Briefly, in capillary electrophoresis, a neutral coated capillary, such as a 50 /zm X 37 cm 
column (eCAP neutral, Beckman Instruments, CA), is filled with a linear polyacrylamide 
{e.g., 0.2% polyacrylamide), a sample is introduced by high-pressure injection followed 

25 by an injection of running buffer {e.g., IX TBE). The sample is electrophoresed and 
fragments are detected. An order of magnitude increase can be achieved with the use of 
capillary electrophoresis. Capillaries may be used in parallel for increased throughput 
(Smith et al. (1990) Nuc. Acids. Res. 1 8:4417; Mathies and Huang (1992) Nature 
359:167). Because of the small sample volume that can be loaded onto a capillary, 

30 sample may be concentrated to increase level of detection. One means of concentration 
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is sample stacking (Chien and Burgi (1992) Anal Chem 64:489A). In sample stacking, a 

large volume of sample in a low concentration buffer is introduced to the capillary 

column. The capillary is then filled with a buffer of the same composition, but at higher 

concentration, such that when the sample ions reach the capillary buffer with a lower 
5 electric field, they stack into a concentrated zone. Sample stacking can increase detection 

by one to three orders of magnitude. Other methods of concentration, such as 

isotachophoresis, may also be used. 

High-performance liquid chromatography (HPLC) is a chromatographic separation 

technique that separates compounds in solution. HPLC instruments consist of a reservoir 
10 of mobile phase, a pump, an injector, a separation column, and a detector. Compounds 

are separated by injecting an aliquot of the sample mixture onto the column. The 

different components in the mixture pass through the column at different rates due to 

differences in their partitioning behavior between the mobile liquid phase and the 

stationary phase. IP-RO-HPLC on non-porous PS/DVB particles with chemically 
1 5 bonded alkyl chains can also be used to analyze nucleic acid molecules on the basis of 

size (Huber et al. (1993) Anal Biochem. 121:351; Huber et al. (1993) Nuc. Acids Res, 

21:1061; Huberetal. (1993) Biotechniques 16:898). 

In each of these analysis techniques, the amplified fragments are detected. A variety 

of labels can be used to assist in detection. Such labels include, but are not limited to, 
20 radioactive molecules (e.g. 9 35 S, 32 P, 33 P), fluorescent molecules, and mass spectrometric 

tags. The labels may be attached to the oligonucleotide primers or to nucleotides that are 

incorporated during DNA synthesis, including amplification. 

Radioactive nucleotides may be obtained from commercial sources; radioactive 

primers may be readily generated by transfer of label from y- 32 P-ATP to a 5 -OH group 
25 by a kinase (e.g., T4 polynucleotide kinase). Detection systems include autoradiograph, 

phosphor image analysis and the like. 

Fluorescent nucleotides may be obtained from commercial sources {e.g., ABI, Foster 

city, CA) or generated by chemical reaction using appropriately derivatized dyes. 

Oligonucleotide primers can be labeled, for example, using succinimidyl esters to 
30 conjugate to amine-modified oligonucleotides. A variety of florescent dyes may be used, 
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including 6 carboxyfluorescein, other carboxyfluorescein derivatives, carboxyrhodamine 
derivatives, Texas red derivatives, and the like. Detection systems include 
photomultiplier tubes with appropriate wave-length filters for the dyes used. DNA 
sequence analysis systems, such as produced by ABI (Foster City, CA), may be used. 
5 After separation of the amplified cDNA fragments, cDNA fragments which 
correspond to differentially expressed mRNA species are isolated, reamplified and 
sequenced according to standard procedures. For instance, bands corresponding the 
cDNA fragments can be cut from the electrophoresis gel, reamplified and subcloned into 
any available vector, including pCRscript using the PCR script cloning kit (Stratagene). 

10 The insert is then sequenced using standard procedures, such as cycle sequencing on an 
ABI sequencer (Foster City, CA). 

An additional means of analysis comprises hybridization of the amplified fragments to 
one or more sets of oligonucleotides immobilized on a solid substrate. Historically, the 
solid substrate is a membrane, such as nitrocellulose or nylon. More recently, the 

1 5 substrate is a silicon wafer or a borosilicate slide. The substrate may be porous (Beattie 
et al. WO 95/1 1755) or solid. Oligonucleotides are synthesized in situ or synthesized 
prior to deposition on the substrate using standard procedures. Various chemistries are 
known for attaching oligonucleotides. Many of these attachment chemistries rely upon 
functionalizing oligonucleotides to contain a primary amine group. The oligonucleotides 

20 are arranged in an array form, such that the position of each oligonucleotide sequence can 
be determined. 

The amplified fragments, which are generally labeled according to one of the methods 
described herein, are denatured and applied to the oligonucleotides on the substrate under 
appropriate salt and temperature conditions. In certain embodiments, the conditions are 
25 chosen to favor hybridization of exact complementary matches and disfavor hybridization 
of mismatches. Unhybridized nucleic acids are washed off and the hybridized molecules 
detected, generally both for position and quantity. The detection method will depend 
upon the label used. Radioactive labels, fluorescent labels and mass spectrometry label 
are among the suitable labels. 
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The present invention as set forth in the specific embodiments, includes methods to 
identify a therapeutic agent that modulates the expression of at least one stem cell gene 
associated with the differentiation, proliferation and/or survival of stem cells. 

As an example, the method to identify an agent that modulates the expression of at 
5 least one stem cell gene associated with the differentiation of a stem cell population, 
comprises the steps of preparing a first gene expression profile of an undifferentiated 
stem cell population, preparing a second gene expression profile of a stem cell population 
at a defined stage of differentiation, treating said undifferentiated stem cell population 
with the agent, preparing a third gene expression profile of the treated stem cell 

10 population, and comparing the first, second and third gene expression profiles. 

Comparison of the three gene expression profiles for RNA species as represented by 
cDNA fragments that are differentially expressed upon addition of the agent to the 
undifferentiated stem cell population identifies agents that modulate the expression of a 
least one gene in undifferentiated stem cells that is associated with stem cell 

15 differentiation. 

While the above methods for identifying a therapeutic agent comprise the comparison 
of gene expression profiles from treated and not-treated stem cells, many other variations 
are immediately envisioned by one of ordinary skill in the art. As an example, as a 
variation of a method to identify a therapeutic agent that modulates the expression of at 

20 least one stem cell gene associated with the differentiation, the second gene expression 
profile of a stem cell population at a defined stage of differentiation and the third gene 
expression profile of the treated stem cell population can each be independently 
normalized using the first gene expression profile prepared from the undifferentiated 
stem cell population. Normalization of the profiles can easily be achieved by scanning 

25 autoradiographs corresponding to each profile, and subtracting the digitized values 

corresponding to each band on the autoradiograph from undifferentiated stem cells from 
the digitized value for each corresponding band on autoradiographs corresponding to the 
second and third gene expression profiles. After normalization, the second and third gene 
expression profiles can be compared directly to detect cDNA fragments which 
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correspond to mRNA species which are specifically expressed during differentiation of a 
stem cell population. 

Specific Embodiments 

Example 1 

5 Production of gene expression profiles generated from cDNAs made with RNA isolated 
from undifferentiated and partially differentiated stem cells. 
Crude Marrow Preparation 

Expression profiles of RNA expression levels from undifferentiated stem cells and 
stems cells at various levels of differentiation, including partially differentiated and 

10 terminally differentiated stem cells, offer a powerful means of identifying genes whose 
expression levels are associated with stem cell differentiation or proliferation. As an 
example, the production of expression profiles from murine lineage negative, rhodamine 
low, Hoechst low and rhodamine bright, Hoechst low hematopoietic precursor cells 
allows for the identification of mRNA species and their encoding genes whose 

15 expression levels are associated with stem cell differentiation 

Hoechst low /Rhodamine ,ow hematopoietic stem cells were isolated by sacrificing 30 
Balb/c female mice (6-12 weeks) and surgically removing the iliac crests, femurs and 
tibiae. The bones were cleaned and placed in 10 ml PBS/5% HI-FBS on ice. One tube 
was used for the bones from 10 mice. The bones were ground throughly with a pestle 

20 until completely broken. Following grinding, the supernatant was removed into a 50 ml 
conical tube through a 40 \iM filer(Falcon #2340). 10 ml PBS/FBS was added to the mix 
and the supernatant removed. The supernatant was then centrifuged (1250 rpm) for 5-10 
minutes. The supernatant which contains a high concentration of lipid was then decanted 
and discarded. 

25 The cells were then pooled into 25 or 50 ml fresh PBS/FBS, and tiny bone fragments 
removed by settling. The cells were then counted in crystal violet. Cells were diluted 
and underlayed with LSM, centrifuged at 2000rpm(1000xg) for 20 minutes. To harvest 
the buffy coat, the supernatant was removed to within 1 cm of the cells. The next 8- 



WO 99/10535 



PCT/US98/17283 



-19- 

10ml of medium and cells were harvested by swirling the media around in the tube to 
draw cells from all sides of the gradient. The cell volume was then brought up to 50 ml 
with PBS/FBS and spun at 1400rpm 5- 1 0 minutes. 



Lineage Depletion 

5 Cells were counted in Crystal Violet and resuspended in fresh PBS/FBS. Lineage- 
specific antibodies were added as follows: 

TER 119 0.1 jig/ml final concentration 
B220 15ki1/10 8 cells 

Mac-1 15nl/10 8 cells 

10 Gr-1 15jil/10 8 cells 

Lyt-2 1/20 final dilution 

L3T4 1/20 final dilution 

Yw25.12.7 1/100 final dilution 

The cells were incubated on ice for 15 minutes, brought to a volume of 50ml with 
15 PBS/FBS and collected at HOOrpm for 5-10 minutes, and washed to remove unbound 
antibodies. 

During the antibody binding step, Magnetic Beads(Dynabeads M-450) were prepared at a 
ratio of 5 beads/cell. The beads were coated with Sheep anti-Rat antibodies that bind to 
the lineage-specific antibodies, which are all of rat origin. When the beads are placed in 
20 a magnetic field, the Lin + cells are removed. The resulting supernatant contains the Lin* 
population (granulocytes and lymphocyte populations will be substantially depleted or 
absent after this step.) 

Hoechst/Rhodamine Staining 

Rhodamine 123 was added to a final concentration of 0.1 jig/ml, then incubated at 
25 32°C for 20 minutes in the dark. Without further manipulation or washing, HOECHST 
33342 was added to a final concentration of IOjiM then incubated at 37 °C for an 
additional hour. The aliquot of crude marrow was brought to 0.5 ml with PBS/FBS and 
Hoechst to this cell preparation as well. The volume was brought to 50 ml with 
PBS/FBS, centrifuged at HOOrpm for 5-10 minutes, supernatant discarded and cells 
30 resuspended to 2x1 0 7 cells/ml. The rhodamine only and Hoechst Only/Crude Marrow 
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were washed in parallel. These two populations were then resuspended in 0.5ml 
PBS/FBS for flow cytometry analysis 

Total RNA was extracted from approximately 5000 stem cells. Using an oligo-dT 
primer, double stranded cDNA is synthesized and ligated to an adapter in accordance 
5 with the present invention. Using adapter primers, the cDNA is PCR amplified using the 
protocol of Baskaran and Weissman (1996) Genome Research 6(7): 633 and Lie et aL, 

Methods of Enzymology, . The original cDNA is therefore amplified several fold so 

that a large quantity of this cDNA is available for use in the display protocol according to 
the present invention. 
1 0 Synthesis of cDNA for the gene expression profiles was performed as below: 

Materials and Reagents 

A microPoly(A)Pure mRNA Isolation kit (Ambion Inc.) was used for mRNA isolation. 
All the reagents for cDNA synthesis were obtained from Life Technologies Inc. Klentaql 
DNA polymerase (25U/^1) was from Ab peptides Inc. Native Pfu DNA polymerase 

15 (2.5U///1) was purchased from Stratagene Inc. Betaine monohydrate was from Fluka 
BioChemica and dimethylsulfoxide (DMSO) was from Sigma Chemical Company. 
Deoxynucleoside triphophates (dNTPs, lOOmM) and bovine serum albumin (BSA, 10 
mg/ml) were purchased from New England Biolabs, Inc. Qiaquick PCR purification kit 
(Qiagen) was used to purify the amplified PCR products. The oligonucleotides used in the 

20 Examples were synthesized and gel purified in the DNA synthesis laboratory (Department 
of Pathology, Yale University School of Medicine, New Haven, CT). 

Table 1. Sequences of oligonucleotides. 



T 7 -SalI-oligo-d(T)V 


5 '-ACG TAA TAC GAC TCA CTA TAG GGC GAA TTG GGT CGA C- 
d (T) I8 V-3' , where V = A, C, G 


anti-Notl Long 


S'-CTT ACA GCG GCC GCT TGG ACG-3' 
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NotI Short 


5'-AGC GGC CGC TGT AAG-3' 


Notl/RI primer 


5'-GCG GAA TTC CGT CCA AGC GGC CGC TGT AAG-3* 



Methods 

I. Preparation of mRNA 

5 MicroPoly(A)Pure mRNA isolation kit was used for the isolation of Poly(A)* RNA 
following the kit instructions. mRNA from a small number of mouse hematopoietic cells 
(5,000-10,000 cells) was extracted, eluted from the column, and precipitated by adding 0.1 
volume of 5M ammonium acetate and 2.5 volumes of chilled ethanol with 2/^g glycogen as 
carrier. The tubes were left at -20 °C overnight. The pellets were collected by centrifugation 
1 0 at top speed for 30 minutes, washed with 70% ethanol and air-dried at room temperature. 
The pellets were resuspended in 10/ul H 2 O/0.1mM EDTA solution. We observed that the 
dissolved mRNA solution was cloudy due to the leaching of column materials, therefore the 
samples were centrifuged at 4°C for 5 minutes. The supernatant was collected for further 
use. 

15 II. cDNA synthesis 

First strand cDNA synthesis 

The cDNA synthesis reaction (final reaction volume is 20^1) was carried out as 
described in the instruction manual (Superscript Choice System) provided by Life 
Technologies Inc. For the first strand cDNA synthesis, mRNA (10/zl) isolated from a small 
20 number of cells was annealed with 200ng (1/il) of T r SalI-oligo-d(T)V-primer (see Table- 1 ) 
in a 0.5 -ml micro centrifuge tube (no stick, USA Scientific Plastics) by heating the tubes at 
65 °C for 5 minutes, followed by quick chilling on ice for 5 minutes. This step was repeated 
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- once and the contents were collected at the bottom of the tube by a brief centrifugation. The 
following components were added to the primer annealed mRNA on ice prior to initiating 
the reaction, l/A of lOmM dNTPs, 4^1 of 5 x first strand buffer [250mM Tris-HCl (pH 8.3), 
375mM KC1, 15mM MgCl 2 ], 2/il of lOOmM DTT and 1/^1 of RNase Inhibitor (40U//^1). All 
5 the contents were mixed gently and the tubes were pre-warmed at 45°C for 2 minutes. The 
cDNA synthesis was initiated by adding 200 units (1/il) of Superscript II Reverse 
Transcriptase and the incubation continued at 45 °C for 1 hour. 



Second strand cDNA synthesis 

At the end of first strand cDNA synthesis, the tubes were kept on ice. Second 

10 strand cDNA synthesis reaction (final volume is 150//1) was set up in the same tube on 
ice by adding 91/zl of nuclease free water, 30/A of 5x second strand buffer [lOOmM 
Tris-HCl (pH 6.9), 23mM MgCl 2 , 450mM KC1, 0.75mM (p-NAD + and 50mM 
ammonium sulfate], 3/u\ of lOmM dNTPs, 1^1 of E.coli DNA ligase (lOU/^l), 4//1 of 
E.coli DNA polymerase I (10U///1) and 1^1 of E.coli RNase H (2U//il). The contents were 

15 mixed gently and the tubes were incubated at 16°C for 2 hours. Following the incubation, 
the tubes were kept on ice, 2jj\ of T 4 DNA polymerase (3U//il) was added and the 
incubation was continued for another 5 minutes at 16°C. The reaction was stopped by the 
addition of 10^1 of 0.5M EDTA (pH 8.0) and extracted once with equal volume of 
phenol: chloroform 1:1 (v/v) and once with chloroform. The aqueous phase was then 

20 transferred to a new tube and precipitated by adding 0.5 volumes of 7.5M ammonium 
acetate (pH 7.6), 2fxg of glycogen (as carrier) and 2.5 volumes of chilled ethanol. The 
samples were left at -20°C for overnight and the cDNA pellets were collected by 
centrifugation at top speed for 20 minutes. The pellets were washed once with 70% 
ethanol, air-dried and dissolved in 14/il of nuclease free water. 

25 As the amount of cDNA derived from a small number of cells may be low, it may 

be necessary to amplify the cDNA for further analysis. To uniformly amplify the cDNA, 
an adaptor (NotI adaptor) was first ligated to both ends of the cDNA. Following adaptor 
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ligation, the cDNAs were amplified with Notl/RI primer (see table /), by a modified 
PCR method using betaine and DMSO. 

Ligation of cDNA with NotI adaptor 

Preparation of NotI adaptor: The NotI adaptor was prepared by annealing 
5 Notl-short and anti-Notl-long oligonucleotides (see Table 1). The anti-Notl-long 

oligonucleotide was phosphorylated to ensure that both the adaptor oligonucleotides are 
ligated to the cDNA. 1/ig of anti-Notl-long was mixed with \jx\ of lOx T 4 polynucleotide 
kinase buffer [700mM Tris-HCl (pH 7.6), lOOmM MgCl 2 and 50mM DTT], 1^1 of 
lOmM adenosine triphosphate (ATP), adjusted the volume to 9/il with water and the 

1 0 reaction was initiated by adding 1 ix\ of T 4 polynucleotide kinase (lOU/^l). The tubes were 
incubated at 37°C for 30 minutes and then the enzyme was inactivated at 65 °C for 20 
minutes. The annealing was carried out by adding the following components to the above 
phosphorylated anti-Notl-long: ljig of Notl-short, 2fil of lOx oligo annealing buffer 
[lOOmM Tris-HCl (pH 8.0), lOmM EDTA (pH 8.0) and 1M NaCl] and water to adjust 

15 the final volume to 20//L The sample was heated at 65 °C for 10 minutes and allowed to 
cool down to room temperature. The annealed adaptor was stored at -20 °C. 

Ligation of cDNA with annealed NotI adaptor: To set up this reaction, 
14^1 of cDNA was mixed with lOOng of annealed NotI adaptor in a 0.5-ml micro 
centrifuge tube. To this mixture 2//1 of lOx T 4 DNA ligase buffer [500mM Tris-HCl (pH 

20 7.8), lOOmM MgCl 2 , lOOmM DDT, lOmM ATP and 250mg/ml BSA] was added and 
adjusted the volume with water to 18/il and mixed gently. The reaction was initiated by 
adding 2/il of T 4 DNA ligase (400U///1) and incubated at 16°C overnight. 

III. cDNA amplification 

A modified betaine-DMSO PCR method (Baskaran et al (1996)) Genome 
25 Research 6:633) was used to uniformly amplify the cDNA with different GC content. 
This method uses the LA system, which combines a highly thermostable form of Taq 
DNA polymerase (Klentaql, which is devoid of 5'-exonuclease activity) and a 
proofreading enzyme (Pfit DNA polymerase, which has 3*-exonuclease activity). The 
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* 

LA 16 enzyme consists of 1 part of Pfu DNA polymerase and 15 parts of KlenTaql DNA 
Polymerase (v/v). The NotI adaptor-ligated cDNA was diluted 10 fold with water. 2 ^1 of 
this diluted cDNA was used as the template for PCR. The PCR reaction (50^1 final 
volume) was set up with the following components: SiA of lOx PCR buffer [200mM 
5 Tris-HCl (pH 9.0), 160mM ammonium sulfate and 25mM MgCl 2 ], 16/zl of water, 0.8/zl 
of BSA (lOmg/ml), of Notl/RI PCR primer (lOOng/ul), 5jul of 50% DMSO (v/v), 15/J 
of 5M Betaine and 0.2^1 of LA16 enzyme. These components were mixed gently on ice 
and then heated to 95°C for 15 seconds on a PCR machine, and held at 80 °C while 5iA of 
2mM dNTPs were added to start the reaction. The PCR conditions were as follows: Stage 
10 1: 95 °C for 15 seconds, 55 °C for 1 minute, 68 °C for 5 minutes, 5 cycles. Stage 2: 95 °C 
for 15 seconds, 60 °C for 1 minute, 68 °C for 5 minutes, 15 cycles. 

After amplification, cDNA was purified with the Qiaquick PCR purification kit 
(following the instructions provided by the supplier). The purified cDNA was eluted in 
the desired volume of water. 
1 5 Gene expression profiles were prepared from the purified cDNA as previously 

described by Prashar et al in WO 97/05286 and in Prashar et al (1996) Proc. Natl Acad. 
Set USA 93:659-663. Briefly, the adapter oligonucleotide sequences were 
CTTACAGCGGCCGCTTGGACG, GAATGTCGCCGGCGA or alternatively, 
Al (TAGCGTCCGGCGCAGCGACGGCCAG) and 
20 A2 (GATCCTGGCCGTCGGCTGTCTGTCGGCGC). When A1/A2 were used, one 
microgram of oligonucleotide A2 was first phosphoiylated at the 5 ' end using T4 
polynucleotide kinase (PNK). After phosphorylation, PNK was heated denatured, and 
lA*g of the oligonucleotide Al was added along with 10* annealing buffer (1 M 
NaCl/100 mM Tris-HCl, pH8.0/10 mM EDTA, pH8.0) in a final vol of 20 /A. This 
25 mixture was then heated at 65 °C for 10 min followed by slow cooling to room 

temperature for 30 min, resulting in formation of the Y adapter at a final concentration of 
100 ng/^1. About 20 ng of the cDNA was digested with 4 units of a restriction enzyme 
such as C/al, Bgl II, etc. in a final vol of 10 //l for 30 min at 37°C. Two microliters (=4 
ng of digested cDNA) of this reaction mixture was then used for ligation to 100 ng (-SO- 
SO fold) of the Y-shaped adapter in a final vol of 5fx\ for 16 hr at 15°C. After ligation, the 
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reaction mixture was diluted with water to a final vol of 80 /zl (adapter ligated cDNA 
concentration, -50 pg/fA) and heated at 65 °C for 10 min to denature T4 DNA ligase, and 
2-fA aliquots (with * 100 pg of cDNA) were used for PCR. 

The following sets of primers were used for PCR amplification of the adapter 
5 ligated 3 ' -end cDNAs: GCGGAATTCCGTCCAAGCGGCCGCTGTAAG or 
alternatively, RP 5.0 (CTCTCAAGGATCTTACCGCTT lg AT), RP 6.0 
(TAATACCGCGCCACATAGCAT 18 CG), or RP 9.2 
(CAGGGTAGACGACGCTACGCT 18 GA) were used as 3' primer while Al.l 
(TAGCGTCCGGCGCAGCGAC) served as the 5' primer. To detect the PCR products 

10 on the display gel, 24 pmol of oligonucleotide Al.l was 5' -end-labeled using 15 til of 
[y- 32 P]ATP (Amersham; 3000 Ci/mmol) and PNK in a final volume of 20 fxl for 30 min 
at 37°C. After heat denaturing PNK at 65 °C for 20 min, the labeled oligonucleotide was 
diluted to a final concentration of 2 /jM in 80 /u.1 with unlabeled oligonucleotide Al.l. 
the PCR mixture (20/zl) consisted of 2 ix\ (=100 pg) of the template, 2^1 of 10* PCR 

1 5 buffer (100 mM TrisHCl, pH 8.3/500 mM KC1), 2 fA of 1 5 mM MgCl 2 to yield 1 .5 mM 
final Mg 2 * concentration optimum in the reaction mixture, 200 fjM dNTPs, 200 nM each 
5' and 3' PCR primers, and 1 unit of Amplitaq. Primers and dNTPs were added after 
preheating the reaction mixture containing the rest of the components at 85 °C. This "hot 
start" PCR was done to avoid artefactual amplification arising out of arbitrary annealing 

20 of PCR primers at lower temperature during transition from room temperature to 94°C in 
the first PCR cycle. PCR consisted of 28-30 cycles of 94°C for 30 sec, 50°C for 2 min, 
and 72 °C for 30 sec. A higher number of cycles resulted in smeary gel patterns. PCR 
products (2.5/4) were analyzed on 6% polyacrylamide sequencing gel. For double or 
multiple digestion following adapter ligation, 13.2 ix\ of the ligated cDNA sample was 

25 digested with a secondary restriction enzyme(s) in a final vol of 20 /A. From this 

solution, 3/zl was used as template for PCR. This template vol of 3 a*1 carried * 100 pg 
of the cDNA and 10 mM MgCl 2 (from the 10* enzyme buffer), which diluted to the 
optimum of 1 .5 mM in the final PCR vol of 20 /A. Since Mg 2+ comes from the 
restriction enzyme buffer, it was not included in the reaction mixture when amplifying 

30 secondarily cut cDNA. Bands may then be extracted from the display gels as described 
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by Liang et al (1995 Curr. Opin. Immunol 7:274-280), reamplified using the 5' and 3' 
primers, and subcloned into pCR-Script with high efficiency using the PCR-Script 
cloning kit from Stratagene. Plasmids were sequenced by cycle sequencing on an ABI 
automated sequencer. 

5 Figure 1 presents an autoradiogram of the gene expression profiles generated 

from cDNAs made with RNA isolated from Lin + , LRH, LRH48 and LRBRH cells. All 
possible 12 anchoring oligo d(T)nl, n2 were used to generate a complete expression 
profile for the enzyme C/al. 

Table 2 presents the sequences of numerous differentially expressed bands from 
1 0 expression profiles made from LEST, LRH, LRH48 and LRBRH. 



TABLE 2 



HSC-DD-006 


TTTAATTAGCGCTCTATATACATTGCG 

GAACTTCCCCCGACTGCAGCAGTTTGA 

CTTTGGCACAACATCAAGTTCCATTTC 

TTTTGGACATTGGATTCTGTTTTGANA 

GTATGTATGCCCCAAAGCATTTTCAGT 

GTCATCAGGATTAGTTGGGCCCATTCA . 

CAGTAATTCANANATC 


HSC-DD-285 


TAGAATACCTGGATGGCTTCTCTTGTC 
CACCCGATCTCCCGTGTTACCAATGTG 
TATGGTCTCCTTCTCCCGAAAGTGTAC 
TTAATCTTTGCTTTCTTTGCACAATGTC 
1TIGGTTGCAAGTCATAAGCCTGAGGC 
AAATAAAATTCC 
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HSC-DD-007B 


GATCTGGCTAGACAGTTATTCTGAACT 

ATGGCTTCAAGATGAACAAGACAAGC 

CTAAAAGGATGGAGAGAGGCAATGGA 

GATAATGTTTTGGAGGAAGTATGTCAC 

TCAAGCATGAACTCTGTTTATTTAGAA 

ATGAGATTCCATATATGTGGTACATGT 

GGAAAGAATCTAAAAAGTCCTTTAAA 

TTTTTTCATTCCAAAAG 


HSC-DD-238 


CTNNANNAGCACTCTTCTTGGCCAGAC 

CTCTGTCCAAGGCTCATTAGAAAGCTG 

GGGTTNTGTNCACGTNACNNACTTNAT 

CN AAACTNTTGCTGTNTTGGC ATAAGT 

TGTGTNTCTGGACTGTNNTGTATTCCC 

CTCTAGACAAAGGANCAACNNAAAAG 

TNNTTGCNNNCTTTNCCAGAACATNCT 

• 

CAAAGCCTNTGATGGAGGAGCACAAG 

GACCCTGTCTGCTGAGGGCCCATGGNT 

CCTCTCAGGGGTTTCTNCCCACCNAGG 

CAGTGCCTTCATTNGCTAGTNGTNCAG 

TTACTTGTAGNTTATCTTTNAATAAAT 

TTNAATAAAANCTA 


HSC-DD-206 


CTAGATTGTGTGGTTTGCCTCATTGTG 
CTA1T1GCGCACTTTCCTTCCCTGAAG 
AAATANCTGTGAANCTTCTTTCTGTTC 
AGTCCTAANATTCNAAATANAGTGAG 

ACTATG 
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HSC-DD-214 


CTCAAGNACGGGCCAGGTAAGGGCCT 

TTAACACAACTAAATCAAGGTGTGCTT 

NCCTCCGGGTTCTATGCAAGCAAGGCA 

TACACACTGCACTCTCNCNCTCNCTAA 

ACTGGAAANGTACAGTNGCAGGGCTG 

GTTTCAGACNACGTGATGCNTGTTTAC 

AAAC 


HSC-DD-035 

# 

1 


TTTTTATTCAATATATTAAATATATTAA 

TCAGAAAAGTCACATCCTATAAATCCA 

GGAAAATACACAAATATAAATCAGAA 

TCTGTCAATCACCTTCTTGAGTGACAG 

TTATGTACACATGGAAGGAGAGCGGA 

AGAGATC 


HSC-DD-129 


CGATATACACCATCGGTCTGGGGCCAA 

CGCTAATACTACTTGGTGCTGCCAATT 

GAATTCTGGTTTGCTGTGAATCTCTAT 

CAACAAGAGTATCATTTGTGAATGCTT 

TAATTTATTGAGAAAGAACAAGAAGA 

TGATGGATACATTGATACATTTGCGCA 

GCCTTGCAGCCTGACTCAATTCTGCTG 

TTCATCAGTTTTAATGTCCTTTCTGTGT 

CATACGTG 
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HSC-DD-040 


GATCTTTTTTCCTTCACTTATTGCTGAA 

ACCAAGNGCACAATTCCCATTAAGNG 

AAGGATCTCTGTGCTGTAAACTAAACA 

AATTGTGCATTTTTTCTGGGGCCATTG 

TTITrGGTTTAl"lUUGTTATTTTGTTTTG 

TTTTTGTTTTTTTGGTTTCATTTTGTTTT 

GGGTTGGTCCAATTTTAAAAGGAAATA 

CTACAATAAAAATGTTA 


HSC-DD-011 

• 


GATCTGATTTGCTAGTTCTTCCTGGTA 

GAGTTATAAATGGAAAGATTACACTAT 

CTGATTAATAGTTTCTTCATACTCTGC 

* 

ATATAATTTGTGGCTGCAGAATATTGT 
AATTTGTTGCACACTATGTAACAAAAC 
TGAAGATATGTTTAATAAATATTGTAC 
T 


HSC-DD-121 


GCGATGTTCTTCTACTCACAACTCACG 

TTGGTGGCCTGGGCCTGAACTTGACTG 

GAGCTGACACTGTGGTGTTTGTGGAGC 

ATGACTGGAACCCTATGCGAGATCTGC 

AGGCCATGGACCGGGCCCATCGTATTG 

GGCAGAAACGTGTGGTTAATGTCTACC 

GGTTGATAACCAGA 


HSC-DD-015B 


GATCTGGAAGGGAATGTCCAAAGAGA 
AGAAGGAGGAGTGGGACCGCAAGGCT 
GAGGATGCTAGGAGGGAGTATGAGAA 
AGCCATGAAAGAGTATGAAGGAGGAA 
GAGGGGACTCATCTAAAAG 
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HSC-DD-039 


GATCTTCGACACAGAGAAGGAGAAAT 

ACGAGATTACAGAGCAGCGAAAGGCT 

GACCAGAAAGCTGTGGATTTGCAGATT 

TTGCCAAAGATTAAAGCTGTTCCTCAG 

CTCCAGGGCTACCTGCGCTCTCAGTTT 

TCCCTGACAAACGGGATGTATCCTCAC 
AAACTGGTCTTCTAAATTGTTAACCTA 

ATTAAACAG 


HSC-DD-042 


ACTCAATCTCTTCAAACTCTTTATACT 

GGNCTATNATNAGNGGGGATGTGNCA 

ANATNGACNCTGGTGGTGTATGAAAG 

AAAAGNTCNATGGACNTNGGCATNCC 

AAGATTGAATTCACCTGCTTCCTACGA 

TGTGTGAAACTGCTAATAGCAAAATAT 

CTCTANGGTTATGANGAGTACTGTCGT 

TCTGCAAATATTCACTTCANAACTANN 

CACCACGTTNAA 


HSC-DD-256A 


CTAGATAATCCCTTACTGAGTCTTTCTT 
CNCAGGTGATTCANTTGAGTTGACAAT 
TANNNCTAAGAATTCAATGGACTANT 
GAGGTGCCTCAGCAGNTAATAGCANT 

TGCTGTTCTTCCAGAGGACCAGAGTTC 

AGTTTCTCATCCCAAGTTGGGCTGCTC 

GTNAGTGTCGGTAANTCCAGCTTCAGG 

GGCTTGAA'rriATACTGACCATGGGCA 

CCTGTACCCCAACACANACACATACA 

CAT 
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HSC-DD-256B 


CTAGAAGTTAATCCTGTNAAGCATGGT 

AAGAATANCATTCTCAANATCTTGAGT 

TAANAAAGATCTTGGAGGNGGCTGGN 

GAGATGGCTCANTGGTTAAGANCNCT 

GACTGCTCTTCCAGAGGTCCTGANTTC 

AATTCCCANCAACCACATGGTGGNTCA 

CAACCANCTGTAATGATACCTGATGCC 

ATCNTCCGTGGTGTATCTGAANACANC 

TACAGTGACAGCTACANCG 


HSC-DD-045 


GGATTTTATTCTAGGCTTGGCCAGATA 

CAGGTTGGCATCCTAGGGGAGGAAGA 

TAACAATGTCATAGGTGAATTTGTTAG 

GAGAGGCAAGACATGGGAAATCATTG 

ATTTCTTC AG ATTTCTTT AAAG C AAAT 

TAGAAGATAAATGTCTAAAAGAGATA 

CACTTAAAAAATGGTGAAACTATAAC 

CCCTTAAGGAGAGCCAGATGTGGCAG 

GAGCCAGGTCTGAAAATGGTAGCTGA 

AGTAAGCAGACCAGCGTAAGATC 


HSC-DD-068 


CGATGAGTCAGAGAGGAAGTGGACAG 
TGCGTTATTCATTACAGCAAAGGA'rrr 
CGTTGGCATCAAAATCTAAGTTTGTTT 
TACAAAGATTGTTTTTAGTACTAAGCT 
GCCTTGGCAGTTTGCATTTTTGAGCCA 
AACAAAAATATATTATTTTC 
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HSC-DD-143 


CGATTCAATTGTATAAATGATTATAAT 

TTCTTTCATGGAAGCATGATCCTTCTG 

ATTAAGAACTGTACCCCATATTTTATG 

CTGGTTGTCTGCAAGCTTGTGCGATGA 

TGTTATGTTCATGTTAATCCTATTTGTA 

AAATGAAGTGTTCCTGACCTTATGTTA 

AAAAGAGAGAAGTAAATAACAGACAT 

TATTCAGTTATTTTGTCCTTTATCGAAA 

AACCAGAT1TCATTTTTCCTTTTTGTTT 

GTGATCTCATTTGGAAATAATTGGCAA 

GTTGAGGTACTTTCTTCCCATGCTTTGT 

ACAATATAAACTGTTATGCCTTTCAGT 

GCGTTACTGTGGG 










HSC-DD-263A 

r 


CTAGAGGTGGGAACTGGCTCCACTCCA 

CACAGCAGCCAGTTAGTTAGTGACGGT 

CAGCTGCATGCAGGGGAATGAAGGAC 

TCGGAGAGAACGTTCTGTGCTATGTGT 

GTTCCATAGAGATTAAAAAGGAGGCC 

TGGAGCCGAGCATGGTGGTGCACGCC 

TTTAATCCCAGCACTTGGGAGGCAGAG 

TCAGGTGGATTTCTGAGTTCATTGCCA 

GCCTGGTCTACAGAGTGAATTCCAGGA 

CAGGCAGGGCTACACAGAGAAACCCT 

GTCTCAAAAAA 


HSC-DD-263B 


CTAGAATTTGCAGTAGCATTAATTCAA 
GCCTACGTATTCACCCTCCTAGTAAGC 
CTATATCTACAT 
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# 



HSC-DD-239A1 


CTAGACATAAGATATTGTACATAAAG 

ANAATTTTTTTTGCCTTTAAATAGATA 

AAAGTATCTATCAGATAAAAATCANG 

TTGTAAGTTATATTGAAGACAATTTGA 

TACATAATAAAAGAT 


HSC-DD-239A1' 


GGGG AGNNNNCN AGN AANN AG ANT C 

GTACGTAAANAGAANNNTGGTGCNTT 

TANATAGAAAANGTACTATCANATAA 

NAATCAGGTTGTAAGTTATATTGAAGA 

CGNTTTGATACATAATAAAAGAT 


HSC-DD-261 


CTAGACTGACAAAGACTTTTTGTCAAC 
TTGTACAATCTGAAGCAATGTCTGGCC 
CACAGACAGCTGAGCTGTAAACAAAT 
GTCACATGGAAATAAATACTTTATC 


HSC-DD-028A 


CTCTCTTGCCACCCAGATGGTTAGGAT 
GATTCTGAAGATGATGACATCCGTAAG 
CCTGGAGAATCTGAAGAATAAACTGT 
ACCAT 


HSC-DD-021 


ATCTCTGGCAGGTCAAGTCTGGGACAA 

TCTTTGACAATTTCCTCATCACCAGTG 

ATGAGGCCTATGCAGCCAGTTCTAGCG 

CAGCTCACACTGAGAGTGTAAGAACT 

ACGAACAAAATNTCTATTAAATTAAG 
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HSC-DD-025 


GATCTCGGAATGGACCCAACTGCTCCT 

GCTCCACCGGCGGCTCCTGCACTTGCA 

CCAGCTCCTGCGCCTGCAAGAACTGCA 

AGTGCACCTCCTGCAAGAAGAGGTGCT 

GCTCCTGCTGTCCCGTGGGCTGCTCCA 

AATGTGCCCAGGGCTGTGTCTGCAAAG 

GCGCCGCGGACAAGTGCACGTGCTGT 

GCCTGATGTGACGAACAGCGCTGCCA 

CCACGTGTAAATAGTATCGGACCAACC 

CAGCGTCTTCCTATACAGTTCCACCCT 

GTTTACTAAACCCCCGTTTTCTACCGA 

GTACGTGAATAATAAAAGCCT 


HSC-DD-077 


ATTCAGACGAATGAGACTCCTCCACAT 

TGGAGACAAGAGATGCAGAGAGCTCA 

GAGAATGAGGGTGTCAAGTGGTGAAA 

GATGGATCAAAGGGGATAAGAGTGAG 

TTAAATGAAATAAAAGAAAATCAAAG 

GAGCC 


HSC-DD-245 


NGCNNNNNNNCCAGNAGGAGGAGAA 

GATGACTGGCCAGTATCANAATGGGA 

TAAGATGAGGCGCGCCCTGGAGTACA 

CCATCTACAACCAGGAGCTCAACGAG 

ACGCGCGCTAAGCTCGACGAGCTTTCT 

GCTAANCGAGAAACNAGTGGAGAGAA 

ATCCNGACAACTAAGGGATGCCCAGC 

AGGATGCANGAGACAAAATGGAGGAT 

ATTGAGCGCCAGGTTAGAGAACTGAA 

AACAATNAT 
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HSC-DD-226 


CTCAAGGAAAAGACAGCACCNCGTGC 
CTGGCATCTGNTGNNTTAGNTNATNTN 
NAANTNTCNNNTNGNCCTGGCAACGG 
TTCCTGAACNAATTACCACTCCTTCTT 

GCCAGTCNAANAGGGTGGGAAAGTCC 

GAGCCTTANGACCCAGTTTCAGTTCTG 

GTTTCTTCCCTCCTGAN C ACC ATCGGT 

TGTTAGTTGCCTTGAGTTGGGAACGTT 

TGCATCGACACCTGTAAATGTATTCAT 

TCTTTAArriATGTAAGGTTTTNTGTNC 

TCAATTCTTTAAGAAATGACAAATTTT 

GGTTTTCTACTGTTCAATGAGAACATT 

AGGCCCCAGCAACACGTCATTGTGTAA 

ANAAATAAAA 


HSC-DD-182 

* 


CGATGGCTCCATCCTGGCCTCACTGTC 

CACCTTCCAGCAGATCGGCTCAGCAAG 

CAGGAGTAGGATGAGTCTGGCCCCTCC 

ATCGTGCACCGCAAATGCTTCTAGGCG 

GACTGTTTTACACCCTTTCTTTGACAA 

AACC 
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HSC-DD-089 


CNNATGCTACATGCTGNAGGATGCCTA 




AGGCTGCCCCCCACCATCCCCTGGCTC 




TGCTGNCCGGANCAAATTGCTTCCAGA 




TGTGACTTTGGAACCTTCNCACCCCTN 




ACCCNACCNNTCTCNAGAANNTCTTTT 




ATTTAAAGGAGGAAANANNACATCCA 




AGAAAANGGGGGGAGGGGGGATGGA 




AANNCGCATCCCCTTTCTAGCCAGCTG 




TTCCCAAAAGGTACCCTTCCTCTCTGC 




TGCTCCCCAAACNCAAANCCCACTTCN 




GANCCTCCACCTAAANCATCANGCAA 




GTCACNTACACCCTGTTTANCCCCCNA 




CTCTCTGCTTATACCCNGGAACAATTN 




NTGCTCG 
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HSC-DD-151 


CGATGGTGGGGATCTTACTGGGGAAG 

AGGAAGGACCATTAGCACACCATCAT 

GATGTCAGATGACAAAATGGAAGCCA 

AGACACCTTGAAGGTGACTTTCTAGGA 

AGGTCTTAAGCATGTAATGTCCCTTTA 

TCAGAGGGAAGGGGACAAACTCAGGG 

CAGCCCTGTCCAGGTAGAAATATTTTT 

GCCCCCCTGTCTGATGTTGATGAGGGG 

TCATACCANCCAGGGAGACCCTCTGG 

GAGGAAGCTGCCACACACAANGACTC 

TGGAAGTATCCAGATGTGAGCCCAGC 

CAGGGTCCTATGGTTCCAAATCTGAAN 

AAAAGGTTTTTCACACACTCCTTGCTT 

TCTGCTAAGATAANAAAGGCGTCACTC 

TGCCAGAGTGTGACTTTTTACAGATTA 

AATAAAGCTGTTAT 


HSC-DD-013 


GATCTACTCCATTCCCCTGGAAATCAT 

GCAGGGCACCGGGGGTGAGCTGTTTG 

ATCACATTGTCTCCTGCATCTCCGACT 

TCCTGGACTACATGGGGATCAAAGGC 

CCCGGATGCCTCTGGGCTTCACCTTCT 

CGTTTCCCTGCAAGCAGACGAGCCTAT 

ATTGCGGAATCTTGATCACGTGGACAA 

AGGGATTCAAAGCCACCGACTGTGTG 

GGTCACNATGTANCCACTTTACTGAG 


HSC-DD-029 


GATCTGAGTTCGAGGCCAGCCTGGTCT 
ACAGAGTGAGTTCCAGGNCAGCCAGG 
NCTACACAGAGAAACCCTGTCTCGAA 
AAAACAGAAAGAGA 
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HSC-DD-034 


CTTTCATTAAAAAGAAACCAGGGGCT 

GGANAGATGGCTCAGTGGTTAAGAGC 

ACCAACTGCTCTTCCCGAAGGTCCTAA 

GTTCAAATCCCAGCAACCACATGGTGG 

CTAACAACCACTCGTAATGAGATC 


HSC-DD-082B 


ATCGCNTGGCTCTCCTGNGGCCTGGCN 

TACGACNNGAAAAGGAGTGTCCACGG 

CTGCTGTCGNGGCGACGATTAATTAAA 

ACTGAAGTACCGAGGNTNCCCCAGNG 

NCNGANTGTGGGGTCNNGCCNTTCNT 

GNTCCACAANCCAACTTGGCAGACGC 

TTACTGTNCTGTCAACTNTCNNNNGAA 

TACCNCCACCCNCATGCTAAAATGATG 
ACTGACGTTAANCCATGCTGGT 


HSC-DD-084 

» 


CGATGACAAAGGAGTCCTGAGGCAGA 

TTACTCTGAATGACCTTCCTGTCGGAA 

GATCAGTGGACGAGACACTGCGTTTG 

GTTCAAGCCTTCCAGTACACTGACAAG 

CATGGAGAAGTCTGCCCTGCTGGCTGG 

AAACCTGGTAGTGAAACAATAATCCC 

AGATCCAGCTGGAAAACTGAAGTATTT 

CGACAAGCTAAACTGAAAAGTACTTC 

AGTTATGATGTTTGGACCTTCTCAATA 

AAGGTCATTGTG 
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HSC-DD-128 


CGATGCTGAATAAGCTCCTCAAAAAGT 

GGTAAATTTAACCTTTTNAAAAAACAA 

GCTTTCTCTGTACAGCTCTGGCTGTTTT 

GTTCTGGAATACATTCTGTAGAATTGT 

CTGGCCTCTAACTTGGAGATCCAACTC 

CCTCTGCCTCTTGAGTGCTGGGATTAA 

TGGCATGTGACACTGT 


HSC-DD-140 


CGATGACCTCATGCCGGCCCAGAAGT 

GAAGCCTGGCCCTCGCCACCATCAGG 

CTGCCGCTTCCTAACTTATTAACCGGG 

CAGTGCCCGCCATGCATCCTTGANGTT 

TGCCGCCTGGCGGCTGAGCCCTTAGCC 

TCGCTGTAGAGACTTCTGTCGCCCTGG 

GTAGAGTTTATTTTTTTGATGGNTAAN 

CTGTTGCTGACACTGAAAATAANCTAG 

GGTTT 


HSC-DD-148 


CGATCAATGAAAAGATGACGAGTTTCT 

TTCAAATGGGCAGTTACTCCCTGATAA 

CTTCATAGCTGCCTGCACAGAGAAGA 

AAATCCCTGTTGTGTTTAGACTACAAG 

AGGGTTATGATCATAGCTACTACTTCA 

TTGCAACTTTCATCGCTGACCACATCA 

GACACCATGCTAAGTACCTGAATGCAT 

GANAAGCCTCAGCCAAGAGAATCTCA 

TCAGGAGGCCGGAAGGGAATCAACAG 

GAGTGCTGACTTCCTCGCAGAAGATCA 

TGCTCCTGCAGCTGAATCGCTTTTCTG 

AATAAATAT 



WO 99/10535 



PCT/US98/17283 



-40- 



HSC-DD-176 

* 


CGATGTNTACTTCATTGCCACCCTGTC 

ANTCCTCTGGAAGGTGTCCGTCATCAC 

CTTGGTCAGCTGTCTCCCCCTCTATGT 

CCTCAAGTACCTGCGGAGACGGTTCTC 

CCCACCCAGCTACTCGAAGCTCACTTC 

CTAAGCTGCAGGGCTGCCTCGGGCAG 

GGCCTCCGGCCTCCGGCGCTCTCCCAG 

GAGGAGGTCAAGTTCCACACGCACGA 

GCCGCCTCTGCTGGACGGTGCAGTCAT 

GGCTGGCACATGAGGCTTCGCTGAGG 

CGACACTGGGCACCTAATGGGGATGG 

AACATTGGTGGAACCGGAGGGAGGGA 

CCTGAGAGCTGTACCTATCAGAACCTT 

GGGTGCTAAGCTGTGCTGAGGGGGAA 

GACGTGGGACCGGATGGCCCGTCTGA 

* 

GGTTTGTGGGGTCACTGTGCAAGCTTC 

CTTATGGTTTGAACCTCTTGTCATGTG 

ATAAAAGT 


HSC-DD-178 


CGATTTACGTATTTGACTGAAATGAAA 

GTTCCACTAAACGGTATTTGCTCTTGT 

GATATGTGGCACATTGTGATATTTTCT 

TAGTCTGTTCTGTTTCA'nTAAAAAAT 

AAAACTGCTGAT 


HSC-DD-180 


CCGATGTNCGATAATAGTAAATACCTT 

AATTANTTAAATAATTCATTGNATTGT 

TTCAGAGACGTTTGGAAATTACTGTAT 

ACATTTACAACCTAATGACTTTTGTAT 

TTTATTTTTCAAAANAAAAGCTTA 
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HSC-DD-186 


CNTTNGNNNNTCCNTNCATCNCNGCN 

GTNTGAGTCCCNCCCAANNAGTCCATC 

CAANANCCANNGCATNNCAGCTTTAT 

CATGACAACAAANTGGAGNAAGAAGA 

AGATGAGTTTCGGCCACTGTTGAGGCA 

AATCNNTGNNNANTCNTAATANACAC 

CTGGTCCGCTCATCCTTCAACGTTGTT 

NTNTANAANTTACCTCCCAGTAGAAA 

NGCTAGCAANTTTNACCTGCCACNGGT 

TNTA 


HSC-DD-191 


CGATCAGATGTCACGCGGGACACANC 

NCCGCCNCAGTNAATGGNAATATATTT 

GCATGTTACCCCAAATTANCTTCTNTG 

CATNGAACATANGTANGTGTCTTTGGG 

GACACGTGTGTTCTACTAC 
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CGATTTACAAATGAACAANCAAGATT 

ACATATANTGAAAATCCACGCAGGAC 

CTATTACANAGCATGGTGAAATAGATT 

ATGAAGCAATTGTAAAGCTTTCAGATG 

GCTTTAATGGAGC ATGACCTGAC AAAT 

GTTTGTACTGAAGCAGGTATGTTTGCA 

ATTCGTGCCGATCATGATTTTGTANTT 

CAGGAAGACTTCATGAAAGCAGTCAN 

GAANGTGGCTGACTCCAAGAAGCTGG 

AGTCCAAGCTGGACTACAAACCTGTGT 

GATTCACTANNAGGGTTTGGTGGCTGC 

ATGACAGACATTGGTTTAATGTANACT 

TAACNGTTANNGAAACTAATGTANNT 

ATTGGCAATGANCTTATTANAAGTGAA 

TANACATGTG 


HSC-DD-099 


CGATGTTTTTAATTAAGAAGAAATTCA 

CTTTCTCATTACCTATGAATCTGTGCC 

AGGGCAGGTGATTTTTGAGTATGAGA 

ACTTTGTCCTCTCCACAGTTGTCACAA 

AAATGGTTCCTTCTCATTGAACTATTG 

TGGCATGCTAATTAAGAAGTGAGTGA 

CCACTTGGGAGGCAGAGGCAGGTGGA 

TTTCTGAGTTTGAGGCCAGCCTGGTCT 

ACAAAGTGAGTTCTAAGACAGCCAGG 

GCTATACAGAGAAACC 
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HSC-DD-222 

* 


CCAAGNAATATGGTCTAATCAAAGGT 

CGTCTGTCTGCTTTTGATTGTCTACATC 

ACAGCAATCCCTGGGAATTTCTATCCA 

TTTTAAATGCNGCCGCTTTCATCTGTTT 

AGCCAGCACACCCAATGGTTTCACTAA 

CTAGCCCAGTTGACCTTTTGGAAGTTT 

GAGCCTTGAGCACCTTCAACAAAATTG 

AGCACTCTGATTAGGATATCCACTTTG 

CAAATAAAACCAAATGTTTTGTCAAC 


HSC-DD-104 

f 


CGATGAGGGGAAGATGACCTGGGCCG 

GGGAGGCCATCCCTTATCCAAGATCAC 

AGGGAATTCTGGGAAGAGGTTGGCCT 

GTGGCATCATTGCACGCTCTGCCGGCC 

TTTTCCAGAACCCCAAGCAGATCTGCT 

CCTGTGATGGCCTCACTATCTGGGAGG 

AGCGAGGCCGGCCCATTGCCGGTCAA 

GGCCGAAAGGACTCAGCCCAACCCCC 

AGCTCACCTCTAAACAGAGCCTCATGT 

CAGGTTATTTGGTCCTCGTAGCTGAAC 

ATCTTCTTGCAGAGGGAGCTGCNGGCC 

CTTGCTTGTACAGGCCTAAGTACAGGG 

CAGATAAGTGCTGTAGCCTGAACAAA 

TTAAATTGTTAC 
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HSC-DD-172 


CGATTAGCTGNGGTCTCTAGGANATAC 

TCGTCACTATATGAGCTCAGGANGCCA 

GCTCTTAGTAGCTCTGAANCAGGTGAA 

GAATCCTCCTCTGAGGAAACAGACTG 

GGAGGAAGAAGCAGCCCATTACCAGC 

CAGCTAATTGGTCAAGAAAAAAGCCA 

AAAGCNGCTGGCGAAAGTCAGCGTAG 

TGTTCAACCTCCCGGCAGTCGGTTTCA 

AGGTCCGCCCTATGCGGAGCCCCCGCC 

CTGCGTAGTGCGTCAGCAATGCGCAG 

AGGGGCAATGCGCAGAGAGGTGCGCA 

GAGGGGCAGTGCGCAGAGAGGTGCGC 

AGAGAGGCAGTGCGCAGAGAGGCAGT 

GCGCAGACTCAT 


HSC-DD-169 


CGAT11CTAAATCAGTCTCGCCTGTGC 

TAGGATGACCGGTAATGAGCCTGTTTA 

AAATAAGACTTAAAAGTGTCGTGCGTT 

GGCCGGGCGGTAGGGGCGCATGCCTT 

TAATTTCATAACTTGGAGGTAGAGACA 

GGCGGATCTTTGTGAGTTCAAGGTCAG 

CCTGGTGTACAGAGTGACTTCCAGAAC 

AGCCAGGGCTGTTAAACAGAGAAAC 


HSC-DD-003A 


TTGTTTTGTTNTTCAGATAGGGTCTTAC 
ATATCCCATGCTGGTCTCAAACTCACA 
TTATGCATGCGGGGAAAGCCATTTACT 
GACTGATATACCCCTGGCCCTAAGATA 
GATC 
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HSC-DD-092 


CGATCGTCGTTCTGGTAAGAAGCTGGA 
AGATGGCCCCAAGTTCCTGAAGTCTGG 
CCATTTAAGTTTAATAGTAAAAGACTG 
GTTAATGATAACAATGCATCGTAAAAC 


HSC-DD-114 


CGATCGTCGTTCTGAGTAANAAGCTGG 

AANANGGCCCCAAGTTCCTGNNGTCT 

GGCGATGCTGCCATTTAAGTTNANNAG 

ANANAAGACTGGCTNATGATAACAAT 

GCANCNTAAAACCTTCAGGNAGGNAA 

CGAATGTTGTGGACCATTTTTTNTGNG 

TGTGGCAGTTTNAAGTTATNAAGNTTT 

CAAAANCANTACTTNTTAANGGGAAC 

AACTTGACCCATCANCTGTCACAGAAT 

NTTGANGACCATTAACAC 


HSC-DD-213A1 


NCTACGATCATCTAGATCTACTAGACC 

TACNACNAGACCATGGGCCAAANATG 

GTCGACCTGCAAACTTGCAAGGTTTAT 

1T1ANATACACATTATGGCGTTTTATN 

ri'riGTAATTCTAAGTTGTAATTCAGCT 

1T1AACAAATCTTTTT 


HSC-DD-213A1' 


CCAAGNANATCNAGACTACTAGACCT 

ACTACNAGACCATNGGNCAAACATGG 

TCGACCNNCAAACGNATANGTATATTT 

NANATACACANANATAGCGTTNTATG 

TCTNGTAATTCTAAGTNGTANATCANC 

TATTANCAAAATCTTTNT1T 
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HSC-DD-155 


CGATGGAAGTTCTGCTGAGCCCTTCTG 

ACGTAACCCTGGCNATGGCTAACACTG 

TCCTTCCTGCAATGTTCNTGGTGGACA 

CANCTTCTCTGGANATACCCTGAANGT 

GGCACGCCCTGTTCCAGCCCACCTGGT 

GTGCACTTTTTGCCCTCTTTACCTCATT 

ANTAAATGTTTTCNTGCTCCTAATG 


HSC-DD-212 

* 


CTNAGNAAGGANCTGTACTTCGTATTG 

CAAGGCAGTCTCTTGTGTCTTCTTAGA 

GTGTCTTCCCCATGCACAGCCTCAGTT 

TGGAGCACTAGTTTATAATGTTTATTA 

CAATTTTTAATAAATTGANTAGGTAGT 

A 


HSC-DD-090 


TCNTCNTTCTGGTAAGAACTGGAATAT 

GGCCCCAAGTTCCTGAAGTCTGGCGAT 

GCTGCCATTGTTGATATGGTCCCTGGC 

AANCCCATGTGTGTTGAGAGCTTCTCT 

GACTACCCTCCACTTGGTCGCTTTGCT 

GTTCGTGACATGAGGCAGACAGTTGCT 

GTGGGTGTCATCAAAGCTGTGGACAA 

AAANGCTGCTGGAGCTGGCNAAGTCA 

CCAAGTCTGCCCANAAAGCTCAGAAG 

GCTAAATGAATATTACCCCTAACANCT 

GCCACCNCANTCTTAATCAGTGGTGGA 

AGAACGGTCTCAGAACTGTTNGTCTCA 

ANTGGCCATTTAAGTTTAATANTAAAA 

GACTGGTTAATGATAAC 



WO 
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HSC-DD-173 


CGATCNTCGTTCTGGTAAGANNCNGG 

AACATGGCCCCAAGTTCCNGANNTCTG 

GCGANGCNGCCANTGTTGATATGGTCC 

CTGGCAAGCCCATGTGTNTTGAGAGCT 

TCACNNACNACCCTCCANTTGGTCGCT 

TTGCTGTTCGTGACATGAGGCAGACAG 

TTGCTGTGGGTGTCANCAAANCTGTGG 

ACAANANGGCTGCTGGAGCTGGCAAG 

NTCACCAANTCTGCCCAGAAAGCTCA 

GAATGCTAAATNAATATTACCCCTAAN 

ACCTGCCACCCCAGTCNTAATCAGTGG 

TGGAATAACNGTCTCAGAACTGTTTGT 

CNCAATTGGCCANTTANGTTTAATNAT 
ACAAGACTG 


HSC-DD-249 


GNNNNNNNNNNNCNANGAAAAAGAG 

GTGAAAAATGCTTGGCTCTAGCTGATG 

ACAGAAAGCTGAAATCCATCGCCTTCC 

CATCCATTGGCAGCGGCAGGAACGGG 

TTCCCGGAAGCAGACAGCGGCCCAGC 

TCATTCTGAAGTGCCATCTCCAGCTAC 

NTTGTCTCCACGATGTCCTCCTCCATC 

AAAACTGTGTACTTCATGCTTTTTGAC 

AGTGAGAGCATAGGTATCTATGTGCA 

GGAAATGGCCAAGCTGGACGCCAACT 

AGGCCAGTGATCCCTAGAGCCAGCAC 

ATGCGGTGTCCCCCA 
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HSC-DD-250 

* 


CTNANGAAAGCTGCTGGGGCNCCCTG 

ACATCACTCATCACTCACTATGCTACC 

AATTCTATTTATTTCGGAATTACAAGA 

TATCGGGAATCTCTCTGCAGGCTGGAC 

TGGCAGGCTGTGGGGTGGGCGGGACA 

CGGCTCTTAACA'rri'NCAGAGGGAAAC 

GCGCANATGTCCAAAAGTCTAAATAA 

ATGCATTCAGAGGTTTNTGGGGTCCAT 

GGCCAAGTGGAGTTCCCCCNCAGGGG 

GAGGTGGGGTAAGTGCCTCCAGGAAG 

GCAGGCAGCCTGCCTTANACTTGCANC 

CCGGNTGTGGGAATGAATCATTGGAG 

TAATAAACT 


HSC-DD-108 


CGATGCCAATGGCATCCTCAATGTTTC 

TGCTGTAGATAAGAGCACAGGAAAGG 

AGAAAGTCTGCAACCCTATCATTACCA 

AGCTGTACCAGAGTGCAGGTGGCATG 

CCTGGGGGAATGCCTGGTGGCTTCCCA 

GGTGGAGGAGCTCCCCCATCTGGTGGT 

GCTTCTTCAGGCCCCACCATTGAAGAG 

GTGGATTAAGTCAGTCCAAGAAGAAG 

GTGTAGCTTTGTTCCACAGGGACCCAA 

AACAAGTAACATGGAATAATAAAACT 

• 

ATTTA 
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HSC-DD-116 


CGATGAAGATGAGGTCACTGCAGAGG 




AGCCCAGTGCTGCTGTTCCTGATGAGA 




TCCCCCCTCTGGAAGGCGATGAGGATG 




CCTCGCGCATGGAAGAGGTGGATTAA 




AGCCTCCTGGAAGAAGCCCTGCCCTCT 




GTATAGTATCCCCGTGGCTCCCCCAGC 




AGCCCTGACCCACCTGGATCTCTGCTC 




ATGTCTACAAGAATCTTCTATCCTGTC 




CTGTGCCTTAAGGCAGGAAGATCCCCT 




CCCACAGAATAGCAGGGTTGGGTGTT 




ATGTATTGTGGTTTTTTTGTTTGTTTTA 




TTTTGTTCTAAAATT 
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HSC-DD-166 


CGATGCCAATGGCATCCTCAATGTTTC 


• 


TGCTGTAGATAAGAGCACAGGAAAGG 




AGAACAAGATCACCATCACCAATGAC 


• 


AAGGGCCGCTTGAGTAAGGAAGATAT 




TGAGCGCATGGTCCAAGAAGCTGAGA 




AGTACAAGGCTGAGGATGAGAAGCAG 




AGAGATAAGGTTTCCTCCAAGAACTCA 


■ 


CTGGAGTCCTATGCCTTCAACATGAAA 




GCAACTGTGGAAGATGAGAAACTTCA 




AGGCAAGATCAATGATGAGGACAAAC 




AGAAGATTCTTGACAAGTGCAATGAA 




ATCATCAGCTGGCTGGATAAGAACCA 




GACTGCAGAGAAGGAAGAAl'ITGAGC 




ATCAGCAGAAAGAACTGGAGAAAGTC 




TGCAACCCTATCATTACCAAGCTGTAC 




CAGAGTGCAGGTGGCATGCCTGGGGG 




AATGCCTGGTGGCTTCCCAGGTGGAGG 




AGCTCCCCCATCTGGTGGTGCTTCTTC 




AGGCCCCACCATTGAANAGGTGGNTT 




AAGTNATC C ANN AAG AAAG GNTNCCT 




TTTTTTCCAAAGGGANCCAAAAAAGTA 




ANATGGATAATAAAACCTATTTAATT 
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HSC-DD-184 


CGATGCCAATAGNANCCCAANTNTCT 

GCNGTNGATAAGACACANGAAAAGAG 

AACAAGATCACCATCACCAATGACAA 

GGGCCGCTTGAGTAAGGAAGATATTG 

AGCGCATGGTCCAAGATCAATGATGA 

GGACAAACAGAAGATTCTTGACAAGT 

GCAATGAAATCATCAGCTGGCTGGAT 

AAGA 


HSC-DD-101 


CGATTAGCGGAGGTCTCTAGGAGATA 

CTCGTCACTAGATGAGCTCAGGAAGCC 

AGCTCTTAGTAGCTCTGAAGCAAGTGA 

AGAATCCTCCTCTGAGGAAACAGACT 

GGGAGGAAGAAGCAGCCCATTACCAG 

CCAGCTAATTGGTCAAGAAAAAAGCC 

AAAAGCGGCTGGCGAAAGTCAGCGTA 

CTGTTCAACCTCCCGGCAGTCGGTTTC 

AAGGTCCGCCCTATGCGGAGCCCCCG 

CCCTGCGTAGTGCGTCAGCAATGCGCA 

GAGGGGCAATGCGCAGAGAGGCAGTG 

CGCAGAGAGGCAGTGCGCAGACTCAT 

TCATT 


HSC-DD-017 

• 

• 


TCTCTGTATAACCCTGGATGTCCTGGA 

ACTCACTTTGTAGACCAGGTTGGCCTC 

GAACTCAGAAATCCGCCTGCCTCTGCC 

AAGCGCTGGGATTAAAGGTGTGCGCC 

ACCACACCCGGCAGGTAATTTTTTTCT 

TTTTAAAGATTTATTATGTATACAGGT 

TCTGCCTACATGTGTACCTGCCGGCCA 

GAAGAGGGCATCANATC 
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HSC-DD-026 


GATCTTTGTAGGCACAAAATGAATCCC 

GCACCTGGTGACCCATGATGCTCGTAC 

TATTCGGTACCCTGATCCCCTCATCAA 

GGTGAACGACACCATTCAGATTGATTT 

GGAGACAGGCAAAATAACTGACTTCA 

TCAAGTTTGACACTGGGAACCTGTGTA 

TGGTGACTGGAGGTGCTAACTTGGGA 

AGAATTGGTGTAATCACCAACAGAGA 

GAGACATCCCGGCTCTTTTGATGTGGT 

TCATGTGAAAGATGCCAATGGCAACA 

GCTTTGCCACTCGGCTGTCCAACATTT 

TTGTTATTGGCAAGGGTAACAAACCAT 

GGATCTCTCTTCCCAGAGGAAAAGGA 

ATCCGCCTCACCATTGCTGAAGAGAGA 

GACAAGAGGCTTGCGGCCAAACAGAG 

CAGTGGGTTGAAATGGTCTCCTAGGAG 

ACATGCCTGGAAAGTTGTTTTGTACAA 

CCTTTCTCAGGCAACATACATTGCTAG 

AATTAAACAGCCATG 


HSC-DD-064 


CGATCGAGAGGGCAAACCACGGAAGG 

TGGTTGGTTGCAGTTGCGTAGTGGTTA 

AGGACTATGGCAAAGAATCTCAGGCC 

AAGGATGTCATCGAGGAAATACTTCA 

AGTGCAAGAAATAAATAAATTTTGGCT 

GATT 
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HSC-DD-066 

• 


ATTCCAGATGAGGACCACAAGCGACT 

CATTGA1T1ACATAGTCCTTCTGAGAT 

TGTTAAGCAGATTACTTCCATCAGTAT 

TGAGCCGGGAGTTGAGGTTGAAGTCA 

CCATTGCAGATGCCTAAGACAACTGA 

ATAAATCG 


HSC-DD-041 

« 


GATCTATACAGTCGGGAAACGCTTCAA 

GGAAGCAAATAACTTCCTGTGGCCCTT 

CAAGTTATCTTCCCCACGAGGTGGGAT 

GAAGAAAAAGACAACTCACTTTGTAG 

AAGGTGGAGATGCTGGCAACAGGGAA 

GACCAGATAAACAGGCTTATTAGACG 

GATGAACTAAGGTGTCACCCATTGTAT 

TTTTGTAATCTGGTCAGTTAATAAACA 

GTC 


HSC-DD-111 

• 


CGATGTGGCCAAAGTCAATACCCTGAT 

AAGGCCCGACGGAGAGAAGAAGGCGT 

ATGTTCGCTTGGCTCCTGATTATGATG 

CCCTAGATGTTGCCAACAAGATTGGGA 

TCATCTAAACTGAGTCCAGATGGCTAA 

TTCTAAATATATACTTT 


HSC-DD-028B 


GATCTGGAACCATAGATGCGAGCATC 
AGCAACAGAATACAAGAAATGGAAGN 

GNGAATCTCAGGTGCAGAAGN1TCCA 
TAGAGAACATCG 
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HSC-DD-142 


GCGATGCAAAATCCTTAATANAATTCT 

TGCTAACCGAATCCAAGAACACATTA 

AAGCAATCATCCATCCTGACCAAGTAG 

GTTTTATTCCAGGGATGCNGNGATGGT 

TTAATATATGAAAATCCATCAATGTAA 

TCCATTNTATAAACAANCTCAANGACA 

NAAACCACATGATCATCTCGTTAGNTG 

CAGAAAAAGCA1T1GACAAGATCCAA 

CACACATTCGTGATAANAGTTTTGGNA 

AGATCAGGAATTCAAG 


HSC-DD-095 


CGATNNACCCGCTCTACCTCACCATCT 

CTTGCTAATTCAGCCTATATACCGCCA 

TCTTCAGCAAACCCTAAATNAGGTATT 

AAAGTAAGCATCNAGAATCANCCATA 

CTCAACGTNACGTCAAGGTGTACCCAA 

TGNAATGGGAAGAAATGGGCTACATT 

TTCTT AT AN AAG AAC ATTNCTAT AC C C 

rn'NTGAAACTAA 



Table 3 presents the expression patterns of the differentially expressed bands set 
5 forth in Table 2. The band fragment length (size) in Table 3 is the length before 
unwanted terminal sequences were removed. Table 3 also presents the results of a 
GenBank Search and analysis of the sequences of Table 2. 
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As is apparent to one of ordinary skill in the art, this same procedure can be used 
to identify stem cells genes whose expression levels are associated with stem cell 
proliferation, dedicated differentiation and survival. 

5 Example 2 

Method to identify a therapeutic agent that modulates the expression of at least one stem 
cell gene associated with the differentiation process of a stem cell population. 

The methods set forth in Example 1 offer a powerful approach for identifying 
therapeutic agents that modulate the expression of at least one stem cell gene associated 

10 with the differentiation process of a stem cell population. For instance, gene expression 
profiles of undifferentiated stem cells and partially differentiated or terminally 
differentiated stem cells are prepared as set forth in Example 1 . A profile is also prepared 
from an undifferentiated stem cell sample that has been exposed to the agent to be tested. 
By examining for differences in the intensity of individual bands between the three 

15 profiles, agents which up or down regulate genes associated with the differentiation 
process of a stem cell population are identified. 

Example 3 

Method to identify a therapeutic agent that modulates the expression of at least one stem 
20 cell gene associated with the proliferation of a stem cell population. 

The methods set forth in Example 1 offer a powerful approach for identifying 
therapeutic agents that modulate the expression of at least one stem cell gene associated 
with the proliferation of a stem cell population. For instance, gene expression profiles of 
undifferentiated stem cells and actively proliferating stem cells are prepared as set forth 
25 in Example 1 . A profile is also prepared from an undifferentiated stem cell sample that 
has been exposed to the agent to be tested. By examining for differences in the intensity 
of individual bands between the three profiles, agents which up or down regulate genes 
associated with the proliferation of a stem cell population are identified. 
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As is apparent to one of ordinary skill in the art, this same procedure can be used 
to identify stem cells genes whose expression levels are associated with stem cell 
dedicated differentiation and survival. 



Example 4 

5 Production of solid support compositions comprising groupings of nucleic acids or 
nucleic acid fragments that correspond to genes whose expression levels are associated 
with the differentiation, proliferation, dedicated differentiation or survival of stem cells. 

As set forth in Example 1, expression profiles prepared from stem cells at 
different stages of differentiation, from proliferating stem cells, from stem cells that are 

10 dedicated to a differentiation pathway and from stem cells resistant to apoptosis (which 
may be linked to increased survival) provide a means to identify genes whose expression 
levels are associated with stem cell differentiation, proliferation, dedicated differentiation 
and survival, respectively. 

Solid supports can be prepared that comprise immobilized representative 

1 5 groupings of nucleic acids or nucleic acid fragments corresponding to the genes from 
stem cells whose expression levels are modulated during stem cell differentiation, 
proliferation, dedicated differentiation and survival. For instance, representative nucleic 
acids can be immobilized to any solid support to which nucleic acids can be immobilized, 
such as positively charged nitrocellulose or nylon membranes (see Sambrook et ah 

20 (1989) Molecular Cloning: a Laboratory Manual, 2nd Ed., Cold Spring Harbor 
Laboratory) as well as porous glass wafers such as those disclosed by Beattie (WO 
95/1 1755). Nucleic acids are immobilized to the solid support by well established 
techniques, including charge interactions as well as attachment of derivatized nucleic 
acids to silicon dioxide surfaces such as glass which bears a terminal epoxide moiety. At 

25 least one species of nucleic acid molecule, or fragment of a nucleic acid molecule 

corresponding to the genes from stem cells whose expression levels are modulated during 
stem cell differentiation, proliferation, dedicated differentiation and survival may be 
immobilized to the solid support. A solid support comprising a representative grouping 
of nucleic acids can then be used in standard hybridization assays to detect the presence 
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or quantity of one or more specific nucleic acid species in a sample (such as a total 
cellular mRNA sample or cDNA prepared from said mRNA) which hybridize to the 
nucleic acids attached to the solid support. Any hybridization methods, reactions, 
conditions and/or detection means can be used , such as those disclosed by Sambrook et 
5 al (1989) Molecular Cloning: a Laboratory Manual, 2nd Ed., Cold Spring Harbor 
Laboratory, Ausbel et al (1987) Current Protocols in Molecular Biology, Greene 
Publishing and Wiley-Interscience. N.Y. or Beattie in WO 95/1 1755. 

One of ordinary skill in the art may determine the optimal number of genes that 
must be represented by nucleic acid fragments immobilized on the solid support to 

1 0 effectively differentiate between samples that are at the various stages of stem cell 
differentiation, including terminal differentiation, proliferating stem cells, stem cells 
dedicated to a given differentiation pathway and/or stem cells with increased survival 
rates. Preferably, at least about 5, 10, 20, 50, 100 , 150, 200, 300, 500, 1000 or more 
preferably, substantially all of the detectable mRNA species in a cell sample or 

1 5 population will be present in the gene expression profile or array affixed to a solid 

support. More preferably, such profiles or arrays will contain a sufficient representative 
number of mRNA species whose expression levels are modulated under the relevant 
differentiation process, disease, screening, treatment or other experimental conditions. In 
most instances, a sufficient representative number of such mRNA species will be about 1 , 

20 2, 5, 10, 15, 20, 25, 30, 40, 50, 50-75 or 100 in number and will be represented by the 
nucleic acid molecules or fragments of nucleic acid molecules immobilized on the solid 
support. For example, nucleic acids encoding all or a fragment of one or more of the 
known genes or previously reported ESTs that are identified in Tables 2 and 3 may be so 
immobilized. Additionally, the skilled artisan may select nucleic acids encoding the 

25 protein cell surface markers discussed above at page 8 (i.e., CD 34) in order to help 
identify the particular stage of differentiation of a given stem cell population and to 
identify agents that are involved in promoting such differentiation. The skilled artisan 
will be able to optimize the number and particular nucleic acids for a given purpose, i.e., 
screening for modulating agents, identifying activated stem cells, etc. 
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In general, nucleic acid fragments comprising at least one of the sequences or part 
of one of the sequences of Table 2 can be used as probes to screen nucleic acid samples 
from cell populations in hybridization assays. Alternatively, nucleic acid fragments 
derived from the identified genes in Table 3 which correspond to the sequences of Table 
5 2 may be employed as probes. To ensure specificity of a hybridization assay using probe 
derived from the sequences presented in Table 2 or the genes of Table 3, it is preferable 
to design probes which hybridize only with target nucleic acid under conditions of high 
stringency. Only highly complementary nucleic acid hybrids form under conditions of 
high stringency. Accordingly, the stringency of the assay conditions determines the 

1 0 amount of complementarity which should exist between two nucleic acid strands in order 
to form a hybrid. Stringency should be chosen to maximize the difference in stability 
between the probertarget hybrid and potential probernon-target hybrids. 

Probes may be designed from the sequences of Table 2 or the genes of Table 3 
through methods known in the art. For instance, the G+C content of the probe and the 

1 5 probe length can affect probe binding to its target sequence. Methods to optimize probe 
specificity are commonly available in Sambrook et al {Molecular Cloning: A Laboratory 
Approach, Cold Spring Harbor Press, NY, 1989) or Ausubel et al {Current Protocols in 
Molecular Biology, Greene Publishing Co., NY, 1995). Any available format may be 
used in designing hybridization assays, including immobilizing the probes to a solid 

20 support or immobilizing the cellular test sample nucleic acids to a solid support. 

It should be understood that the foregoing discussion and examples merely 
present a detailed description of certain preferred embodiments. It therefore should be 
apparent to those of ordinary skill in the art that various modifications and equivalents 
can be made without departing from the spirit and scope of the invention. All documents, 

25 patents and references, including provisional patent application 60/056,861, referred to 
throughout this application are herein incorporated by reference. 
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What is Claimed Is: 

1 . A method to identify an agent that modulates the expression of at least one 
stem cell gene associated with the differentiation process of a stem cell population, 
comprising the steps of: 
5 preparing a first gene expression profile of an undifferentiated stem cell 

population; 

preparing a second gene expression profile of a stem cell population at a 
defined stage of differentiation; 

treating said undifferentiated stem cell population with the agent; 
1 0 preparing a third gene expression profile of the treated undifferentiated 

stem cell population; 

comparing the first, second and third gene expression profiles; and 
identifying an agent that modulates the expression of a least one gene in 

undifferentiated stem cells that is associated with stem cell differentiation. 



15 2. A method to identify an agent that modulates the expression of at least one 

stem cell gene associated with the proliferation of a stem cell population, comprising the 
steps of: 

preparing a first gene expression profile of a non-proliferating stem cell 

population; 

20 preparing a second gene expression profile of a proliferating stem cell 

population; 

treating the non-proliferating stem cell population with the agent; 
preparing a third gene expression profile of the treated stem cell 

population; 

25 comparing the first, second and third g;ene expression profiles; and 

identifying an agent that modulates the expression of a least one gene that 

■ 

is associated with stem cell proliferation. 



WO 99/10535 



PCT/US98/17283 



-63- 

3. A composition comprising a grouping of nucleic acid molecules that 
correspond to at least part of the sequences of Table 2 or genes of Table 3 affixed to a 
solid support.- 
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